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ABBREVIATIONS AND ~UM BER I G OF COMPLEXES 
The following abbreviations are used thro ghout 
th's thesi : 
Me = CH 3 
Et = C2H5 
l,S-C 8 H12 = 
cycloocta-1,5-diene 
Ph = C6H5 
C8Hl4 = cyclooctene 
n.m.r. = nuclear magnetic resonance 
~-, ~-, £- = ortho-, meta-, para-
SOME COMPLEXES AND THEIR NUMBERED ASSIGNMENTS 
IrCl(Ph
3
P)
3 
l; 
RhCl(Ph
3
P)
3 
23; 
IrCl(Ph
3
As) 3 2; 
trans - I re 1 ( Co ) ( Ph 
3 
P ) 
2 
11 ; 
In Chapter 2: IrHCl (SiR 3 ) (Ph 3 P) 2 4; 
In Chapter 4: 
(b) MeC1
2
, (c) Ph
3
, (d) (OEt) 
3 
(b) MeC1
2
, (c) Ph
3
, (d) (OEt) 
3 
IrHCl (SiR 3 ) (MePh 2 P) 3 8; R 3 = (a) Cl 3, 
(b) MeC1
2
, (c) (0Et)
3 
IrC1
2 
(R) (CO) (Ph
3
P) 
2 
33; R = (a) Me, 
(b) Et, (c) (CH
2
) 
2
Me, (d) (CH
2
) 
3
Me, 
(e) (CH
2
) 4 Me, 
(h) (CH
2
) 
6
Me 
( g) Ph, 
[IrC1 2 (R) (CO) 2 ] 2 39; R = (a) Me, (b) Et 
(c) ~-propyl ( d) Ph (e) !:_-propyl 
(f) !!_-butyl, (g-) 2-butyl, (h) a-phenethyl 
(1.) S-phenethyl (j) !!_-pentyl. 
V 
vi 
In Chapter 5: IrHC l [ (£-C6H40) (PhO) 2P] L2 1?i 
L = (a) (PhO) 
3
P, (b) Ph
3
P, (c) MePh
2
P, 
SUMMARY 
This work is concerned primarily with oxidative 
addition reactions of the iridium(I) complexes, IrClL 3 
vii 
The addition reactions of silicon 
hydrides, acetylenes and acyl chlorides have been studied 
and the products characterized by infrared and n.m.r. 
spectroscopies. 
The products obtained from the reaction of silicon 
hydrides and the iridium(I) complexes are all hydrido-
silyliridium(III) complexes; the coordination number of the 
complexes ( 5 or 6) , however, varies with the ligand L and 
the silicon hydride used. Carbonylation of these 
silyliridium(III) complexes gives in most cases stable 
octahedral silyliridium(III)-carbonyl-hydride complexes. 
A 1 k y 1 i r i di um ( I I I ) comp 1 ex e s o f the type I r C 1 2 R ( CO) ( Ph 3 P ) 2 
(R=straight-chain alkyl) are obtained when acyl chlorides, 
RCOCl, (R=straight- or branched-chain alkyl) react with the 
i r i d i um ( I ) c om p 1 ex , I r C 1 ( Ph 3 P ) 3 . The interesting feature of 
these reactions is the observed isomerization from branched-
chain alkyl to straight-chain alkyl when a branched-chain 
acyl chloride reacts with the iridium(I) complex. This 
isomerization is discussed and compared with the mechanism 
proposed for hydroformylation. A similar isomerization 
occurs in the oxidative addition of acyl chlorides to the 
complex [IrCl (CO) (C 8 H14 ) 2 ) 2 giving as the final product 
[IrC1 2 R(CO) ] . 2 2 In this series an equilibrium exists between 
the branched-chain alkyl and the straight-chain alkyl 
complexes. 
viii 
Terminal .cetylenes (HC~CRJ rea t with the complex 
IrCl(Ph 3 P) 3 to give hydridoiridium(II )-acetylide complexes. 
The reaction with diphenylacetylene gives a known µ-bonded 
iridium-acetylene complex, and the reaction with dimethy 
acetylenedicarboxylate pro uces a known iridocycle complex 
containing a dimerised acetylene moiety. 
The complex IrCl(MePh 2 P) 3 when heated in benzene 
isomerizes to a hydridoiridium(III) complex. The hydrogen 
atom is shown to originate probably from the ortho-position 
of a phenyl ring and not from a methyl group of a phosphine 
ligand. 
Attempts to prepare iridium(I) triphenylphosphite 
complexes of type IrCl[(Ph0) 3 P]L 2 [L=(Ph0) 3P, Ph 3 P, Ph 3
As, 
MePh 2 P, Me 2 PhP] lead in all cases to the formation of 
iridium(III)-hydride complexes, irHCl[ (£-C
6
H
4
o) (Pho)
2
P]L
2
. 
When these new complexes are heated in an inert solvent, 
complexes possessing two metal-ortho-carbon bonds are 
obtained. These bonds are shown to be formed by the inter-
action of the metal and the ortho-carbon atoms of two of the 
phenyl rings of the triphenylphosphite ligand and not from 
the ligand L. 
CHAPTER l 
GENERAL INTRODUCTION 
Oxidative addition reactions of transition metal 
complexes have been reviewed in detail by several 
authors. 1,2,3,4 This chapter will only summarize the more 
important results contained in those reviews with special 
emphasis on the reactions of dB complexes. 
Complexes of transition metals having a dB configuration 
may either be (i) four-coordinated and possess a square-
planar configuration or (ii) five-coordinated. The latter 
complexes are coordinatively saturated, since there are 18 
electrons in the valence shell, and usually have a trigonal 
bipyramidal configuration, whereas the former complexes are 
coordinatively unsaturated, with 16 electrons in the valence 
shell, e.g., 
B four-coordinated complexes 
five-coordinate d 8 complexes 
IrCl (CO) (Ph 3P) 2 , RhCl (Ph 3P) 3 , 
PtHCl(Et 3 P) 2 
IrH(CO)(ph3P)3, Os(CO)s, 
Ru(C0) 3 (Ph 3P) 2 
5 Nyholm has pointed out that in general the tendency for an 
element having a dB configuration to become five-coordinate 
increases as one ascends a triad and as one passes from 
right to left in Group VIII. 
Planar complexes having a dB configuration are often 
converted into octahedral d 6 complexes by the addition of a 
covalent molecule to the coordination sphere. The most 
extensive studies on the oxidative addition reactions of dB 
complexes have been made on square-plana r iridium(I) complexes 
of the ype IrY(CO) L 2 [Y=halogen, L=tertiary phosphines]. 
These complexes undergo a number of oxidative addition 
reactions with molecules such as acyl halides, halogens, 
2 
silicon hydrides, acetylene, olefins and alkyl halides. In 
most cases there is complete cleavage of the addendum bond 
but in certain cases, additi o n t akes place so that the two 
parts of the addendum remain joined by a bond, e.g. ' 
H 
Cl 
I Cl 
1-1 
L 
These additions often occur in a stereospecific manner; 
both cis and trans modes of addition have been observed 
depending on the reagent and the medium. 6 Chock and Halpern 
have performed kinetic studies of the addition of alkyl 
halides and hydrogen to the iridium(I) complex, trans-
I re 1 (co) ( Ph 
3 
P) 
2
. They interpreted their results in terms 
of two different limiting mechanisms. The addition of 
hydrogen_ appears to be a concerted process, involving a 
relatively nonpolar transition state which leads to a cis 
adduct (eqn. 1-1). The oxidative addition of alkyl halides, 
on the other hard, i s believed to enta il an SN2 type of 
attack, with at least partial halide displacement, through 
3 
a highly unsymmetrical transition state (see also Chapter 2, 
section d). This mechanism is supported by the fact that the 
stereochemist£y of oxidative addition of alkyl halides is 
trans. 
Coordinatively saturated d 8 complexes lose a neutral 
ligand when they react with polar or highly polarizable 
addenda such as halogens, silicon hydrides, mercuric halides 
6 7 
and protonic acids to give octahedral d complexes, e.g. , 
H H 
1-2 
+ L 
to co 
2 Collman and Roper have suggested a two-step mechanism, in 
which the electrophile forms a bond with the central metal-
in the trigonal plane as an intermediate, with the second 
step being the irreversible loss of a neutral ligand: 
1-3 
+ 
-B -, M + A- B;::::! + L 
A ternatively 8 ive-coordinate d complexes can react 
. ' . dd. ' 8 through dissociation prior to oxidative a ition. 
8 final products of oxidative addition to saturated d 
The 
complexes are those resulting from overall cis addition. 
4 
8 Oxidative addition reactions to the planar d complex, 
b . 1 d' d 9,10 RhCl(Ph 3 P) 3 have also een extensive y stu ie . This 
is mainly due to the ability of this complex to catalyse 
homogeneous hydrogenation of olefins and acetylenes, and to 
decarbonylate alcohols, aldehydes and acid chlorides (see 
also Chapter 4). In many of its additions, the complex 
RhCl(Ph 3P) 3 loses one molecule of triphenylphosphine to 
give five-coordinate rhodium(III) complexes. 
these reactions are shown in figure 1-1. 
Some of 
8 The tendency ford complexes to undergo oxidative 
addition reactions depends markedly on the nature of the 
central metal ion and the ligands attached to it. This 
tendency decreases in going from left to right across the 
transition series and increases in going down a given group. 
The resultant reactivity towards oxidative addition is 
therefo e expected to decrease roughly in the following 
order: 
Os O > Ru O >Fe O , Ir ' > Rh ' > Co ' , P t " > Pd 11 > > N i 11 , Au 11 ' • 
Ligands which increase electron density at the central 
metal atom enhance the tendency of a a 8 complex to undergo 
oxidative addition, e.g., Ph 3P>CO. The observed reactivity 
trends are generally in accord with these predictions, e.g. 
IrCl (CO) (MePh 2 P) 2>IrCl (CO) (Ph 3 P) 2 >RhCl (CO) (Ph 3 P) 2 ; 
IrCl (Ph 3 P) 3>RhCl (Ph 3P) 3 >RhCl (CO) (Ph 3 P) 2 . 
RhHCI L HCI 2 2 
RCOCI 
RhCl2R[coJL2 co 
or t-RhC1[coJL2 
trans-RhCl[PF3JL2 
Figure 1-L Some reactions of the complex RhCIL3 ; L = Ph3P. 
In order that mechanisms may be proposed for oxidative 
addition reactions, the stereochemistry of both starting 
complexes and final products must be known. The two basic 
5 
tools used most frequently in determining stereochemistry of 
such complexes are n.m.r. and infrared spectroscopies. A 
combination of both methods can often lead to unequivocal 
assignments of stereochemistry. 
The rapid prog ess in the study of transition metal 
hydride complexes is largely due to the discovery of the 
high field shift in the high resolution n.m.r. spectrum, 
which appears to be characteristic of transition metal 
hydrides. 12 The resonances always occur at >12T, are 
frequently in the range 20-30T, and may occur as high 60T. 
Spin-spin coupling of the hydrogen nucleus with other 
nuclei in the complex, in particular with the central metal, 
103 195 183 . 
observable with Rh, Pt and W nuclei, provides strong 
evidence for direct metal-hydrogen bonds. 
31 In phosphine metal hydride complexes the P nucleus 
(100% abund. I=~) couples with the hydrogen atom attached 
to the metal. For octahedral rhodium(III) and iridium(III) 
complexes, the phosphorus-hydrogen coupling constant 
(JP-H) is in the range 80-160Hz when the phosphorus nucleus 
is trans to hydrogen atom, while J =10-40Hz for phosphorus P-H 
cis to hydrogen atom. It therefore follows that the values 
of JP-H can provide evidence for the configuration of 
various phosphine complexes. Table 1-1 lists chemical shifts 
and coupLing constants for several phosphine iridium(III) 
complexes. In some dihydrido-complexes coupling between the 
non-equivalent hydrogen atoms is observed; JHl-H
2
=4-8Hz. 
j 
6 
From as r ey of octahed a~ iridium(III) hydride 
complexes it is evident that pro ans trans to halogens have 
much higher chemical shifts (_30T) than protons trans to 
phosphorus nu leus and carbo monoxide (19-24 T). On the 
other hand, there appears to be no characteristic difference 
between the chemical shifts of protons trans to phosphorus 
nucleus and carbon monoxide. Not many examples of hydrido-
phosphine-carbonyl complexes with the appropria~e stereo-
chemistry are known from which a satisfactory comparison 
may be made. 
In octahedral iridium(III) complexes in which the 
phosphine ligands are methyl substituted (e.g. MePh
2
P), 
Jenkins and Shaw 11 have demonstrated that it is possible to 
determine the relative positions of the methyl substituted 
phosphine ligands by n.m.r. spectroscopy. In complexes 
having mutually trans phosphine ligands the proton n.m.r. 
spectra exhibit a triplet for the methyl groups attached 
to the phosphine ligands. However, when the ligands are 
mutually~, the (P-CH 3 ) groups give rise to doublets. 
Methyl substituted phosphine ligands (e.g. MePh
2
P) represent 
examples of X AA'X' nuclear spin systems [X=H, A=P]. 
n n 
When the ligands are in a mutual trans-configuration in the 
metal complexes, the geminal phosphorus-phosphorus coupling 
constant JA-A' is very much larger than LAX' [L =12J _4J 'I] AX AX AX 
and the X AA'X 
n n spectrum approximates to an A x 2 
system 
n n 
with the central line of the triplet resulting from overlap 
of lines. In analogous cis complexes, howeve , JAA' and 
JAX' are both small and the proton n.m.r. spectr m therefore 
usually appears as a doublet. 
7 
The infrare spectra of most iri ium hydride complexes 
show bands in the region 1700-2200cm- 1 , which are assigned 
. 'd' h' d 12 to the i 1 ium-hyarogen stretc ing mo es. Table 1-1 
lists the iridium-hydrogen stretching frequencies of seve a 
iridium( II) hydride complexes. A similar trend is observed 
for J(Ir-H) depending on the ligand trans to the hydrogen 
atom as is observed for T(Ir-H). For octahedral iridium(III) 
hydrides , hydrogen atoms trans to halogens have much higher 
iridium-hydrogen stretching frequencies than do hydrogen 
atoms trans to phosphine or carbonyl groups. Most iridium-
hydrogen stretching frequencies -1 are observed between 2000cm 
-1 -1 
and 2200cm but frequencies as low as 1700cm have been 
recorded and several authors have associated these frequencies 
with vibrations involvi ng two hydrogen atoms in mutually 
trans positions. 
The carbonyl stretching vibrations in iridium-carbonyl 
complexes are very sensitive to the charge of the central 
metal ion, moving to higher frequencies as the positive 
charge on the metal ion increases, viz. v(C=O) for 
Ir(III)>v(C=O) for Ir(I). Such a strengthening of the CO 
bonding is expected since positive charge on the metal tends 
to reduce donation by the metal into the antibonding pi(IT) 
orbital of the carbonyl group. 
Jenkins and Shaw have studied the far-infrared 
absorption spectra of a series of halogeno-iridium(III) 
13 
complexes. They observed that the iridium-chlorine 
freq ency.is sensitive to the ligand rans to the chlorine 
atom and is insensitive to the~ ligands. The general 
range observed for the values of the v (Ir-Cl) -1 is 320-330cm 
8 
[C ! alogen), -1 300-320cm [Cl trans to carbony), trans 1:. 
-1 275-290cm [Cl tr~ to phosphine -1 and 250-265cm [Cl trans 
to Hor alkyl group]. 
The preparation and some reactions of the iridium(I) 
complexes IrClL 3 [L=tertiary phosphine, arsine, stibine) 
. d . 1 36 have been studie previous y. The work presented in this 
thesis follows on from the previous work with more emphasis 
on oxidative addition reactions of complexes IrClL 3 
Chapter 2 deals with the addition 
of silicon hydrides to complexes of type IrClL 3 [! L=Ph 3 P; 
The oxidative addition reactions of 
acetylenes and acyl chlorides to the iridium(I) complexes 
1 and 3 are presented in Chapters 3 and 4 respectively. 
- -
Chapter 5 is concerned with the reactions and behaviour of 
some triphenylphosphite iridium complexes containing 
tertiary phosphines and triphenylarsine. Finally in Chapter 
6 a general discussion on the results obtained is 
presen ed and comparisons of the reactivities towards 
oxidative additions with the complexes IrCl (CO) (Ph 3P) 2 , 
Rh C 1 (Ph 3 P ) 3 and Rh C 1 (CO ) (Ph 3 P ) 2 are made and dis cussed . 
TABLE 1-1 
N.m.r. and infrared data for some iridium(III)-hydri e 
a 
complexes. 
Com lex 
I r H C 12 ( P h 3 P ) 3 
b 
IrH2 Cl (CO) (Ph 3 P ) 2 
IrHC12 (CO) (Et 2PhP) 2 
b Ir H C 12 ( P h 3 P ) 3 
Ir H
2 
C 1 ( P h
3 
P ) 
3 
Ir H C 12 ( E t 2 Ph P ) 3 
Ir~Cl(CO)(Ph P) 
3 2 
b 
Ir H C 1 ( C 0) (Et 
2 
Ph P ) 
2 2 
b 
Ir H C 1 { S n C 13 ) ( C O ) { P h 3 P ) 2 
b 
H trans T(Ir-H) 
to t 
Cl 
Cl 
Cl 
Ph P 
3 
Ph P 
3 
Et2 PhP 
co 
co 
SnC1 3 
29.2 
28.4 
26.1 
23.8 
21.1 
22.6 
17.3 
19.0 
19.9 
J P-H 
Hz 
15 
15 
12 
164 
136 
158 
15 
16 
10 
2228 
2222 
2189 
2193 
2120 
2090 
2090 
2008 
2148 
a ..... these data were obtained from reference 12 unless 
otherwise stated. 
b ..... from reference 27. 
CHAPTER 2 
THE ADDITION OF SILICON HYDRIDES 
Although the first compound containing a silicon-
transition metal bond was prepared in 1956, 14 the field 
has attracted wide attention only in the past five years 15 
and many such compounds are now known. 
9 
This sudden interest stems from the fact that oxidative 
addition reactions have received a great deal of attention 
both as an interesting class of reaction of transition metal 
complexes and as an important step in several homogeneous 
1 . . 2, 4 cata ytic reactions. In 1965 Harrod and Chalk postulated 
that oxidative addition of silicon hydrides to certain d 8 
complexes was a key factor in the ability of the latter to 
16 
catalyze the hydrosilation of unsaturated organic compounds. 
Since then oxidative addition reactions involving 
cleavage of the silicon-hydrogen bond have afforded silyl 
hydr ;des of h d' 17,18,25 . 'd' 7,16 h . 17 ..... r o i um, i r i J. um, , c rom i um, 
17 17 17 l . 19 
manganese, iron, cobalt and p atinum, e.g., 
2-1 
----.) IrHCl (SiC1
3
) (CO) (Ph
3
P) 
2 
20 Silyl derivatives of manganese, h . 20 r en J. um, , 21 ruthenium, 
. k l 22 l b 22 l . 19 nice , mo y denum and p atinum have been prepared by 
the direct reaction of silicon hydrides and the corresponding 
transition metal complexes, e.g., 
2-2 
The reaction of triorganosilyl-lithiums and chloro-transition 
metal complexes has produced silyl derivatives of zirconium, 23 
molybdenum, 23 tunsten, 23 gold 24 and platinum, 24 e . g., 
2-3 
10 
Many transi~ion meta compleYe poa essing covalent 
metal-tin, germanium or lead bonds have been prepared by 
routes which are similar to those used for silyl-transition 
15 , 37 
metal complexes. 
The reaction of silicon hydrides with the complexes 
RhCl(Ph 3M) 3 [M=P , As , Sb] at room temperature gives five-
coordinate silylrhodium(III) complexes, as shown indepen-
18,25 dently by two groups: 
M = P,As,Sb 
X = Cl,Br,I 
Carbonylation of the silylrhodium(III) derivatives 
results in loss of silane and formation of the rhodium(I) 
complexes of type RhX (CO) (Ph 3M) 2 . There is some infrared 
spectroscopic evidence for intermediate six-coordinate 
complexes, RhHX (SiR 3 ) (CO) (Ph 3 M) 2 but these are too unstable 
at room temperature for detailed study. 
The crystal structure of one of the silylrhodium(III) 
ad du c t s , Rh H C 1 ( s i C 1 3 ) ( Ph 3 P ) 2 h a s b e e n s tu d i e d . 
2 6 Figure 2-1 
shows a perspective view of the coordination polyhedron 
around the rhodium atom and table 2-1 lists some selected 
interatomic distances and angles. The rhodium coordination 
polyhedron was described as a highly distorted trigonal 
bipyramid, with trans phosphines at the apices and H, Cl 
and SiC1 3 ·in the trigonal plane. Alternatively the 
authors described the coordination about the formally 
6 
d Rh(III) ion as distorted octahedral if the ortho-hydrogen 
Distances 0 Value, A Angles Value, deg. 
Rh-Si 2.203 Si-Rh-Cl 115. 9 
Rh-Cl 2.387 Si-Rh-P. 1 98.3 
Rh-1 2.344 Si-Rh-P2 98.4 
Rh-P2 2.332 Si-Rh-H 69 
Rh-H 1 .48 Si-Rh-H136 166 
Rh-H136 2.79 CI-Rh-H 174 
P. -Rh- P, 1 2 161.7 
Table 2-1. Some interatomic distances and angles of the 
RhHCl[SiClajrh3PJi molecule. 
11 
atom on a phenyl ~ing of a triphe ylphosphi e group is 
included at the sixth coordination site. 
The reaction of silicon hydrides with complexes!, 2 
and J will be discussed in the subsequent section. These 
reactions are of interest because firstly, c omparisons with 
the analogous rhodium system should be possible and 
secondly, the possibility existed that stable carbonylation 
products would be formed. 
b. Results and Discussion 
A variety of silicon hydrides reacts readily with the 
complexes IrClL 3 
adducts according to scheme 2-5: 
2-5 
IrClL 3 + R3 SiH IrHCl(SiR 3 )L 2 + L 
4 L=Ph 3P 5 L=Ph 3As 
(a) R3=Cl 3 , ( b) R3 =MeC1 2 , 
( C ) R3 =Ph 3 , ( d) R3=(0Et) 3 
IrHCl(SiR 3 )L 3 6 L=MePh 2P ( a ) R3=Ph 3 -
7 L=Ph 3As (a) R3=MeC1 2 -
8 L=MePh 2P - (a) R3=Cl 3 , ( b) R3 =M eC1 2 , ( C ) R3 =(0Et) 3 
The five-coordinated iridium(III) products are air 
stable, yellow or orange-yellow solids, whereas the six-
coordinated complexes are white solids. The chlorosilyl 
complexes readily hydrolyse in wet solvents giving off 
hydrogen chloride. The thermal stability of all the complexes 
is reasonably high, the decomposition points being in the 
range 95-200°C. The compounds are generally stable in 
solution i the presence of air but the chloro~ilymethyl-
diphenylphosphine complexes undergo slow decomposition. 
Table 2-6 list the analyses of the silyliridium(III) 
complexes. 
Infrared Spectra 
12 
All the adducts exhibit a strong bond in the region 
-1 2130-2225cm (table 2-2) which is distinctly different from 
the silicon-hydrogen stretching frequency of the free 
'l 29 SJ. ane. This bond is assigned to the iridium-hydrogen 
stretching mode and it lies in the range observed for other 
16,27,28 iridium(III)-hydride complexes. The values of the 
iridium-hydrogen stretching frequencies for most of the 
silyliridium(III) adducts are characteristic of hydrogen 
trans to chlorine (ca. -1 2200cm ) in octahedral iridium(III) 
complexes. If this correlation is valid also for five-
coordinate iridium(III) complexes, it seems likely that 
hydrogen is trans to chlorine for the five-coordinated 
silyliridium(III) compounds prepared in this work. The 
n.m.r. data lend further support to this conclusion (see 
below). 
The value of the iridium-hydrogen stretching frequency 
(2130cm- 1 ) for the five-coordinate complex, IrHCl(SiC1 3 ) -
(Ph 3As) 2 (2a) suggests that hydrogen is not trans to chlorine 
atom. 
From the values of the iridium-hydrogen stretching 
-1 frequencies 2175cm , for the octahedral s1.lyliridium(III) 
it would be reasonable to assume that hydrogen is trans to 
13 
chlo 1 e at:om i these compounds. Howeve the low value 
-1 (2150cm ) of v (Ir-H) for the complex IrHCl (SiMeC1 2 ) (Ph 3As) 3 
(7a) and for IrHCl[Si (OEt) 3 J (MePh 2P) 3 (§c) (2160cm-
1 ) 
suggests that hydrogen is probably trans to triphenyla sine 
or methyldiphenylphosphine respectively. 
1 H-N.M.R. Spectra 
In addition to the resonances due to the ligands Ph 3P, 
Ph 3As, MePh 2P a nd the s ilyl groups, the n.m.r. spectra also 
show signals in the high field region, 20-30T, which is 
characteristic of hydrogen bound to transition metal. 
1 Table 2-3 lis t s the H-n.m.r. d a ta for the silyliridium(III) 
complexes. For the five-coordinated complexes ~a, 4b, 4c, 
4d and 6a a single triplet at about 28T is observed, 
- -
(see figure 2-2). This suggests that the two phosphine 
lig a nds must b e in equ iva lent or closely similar positions 
and the value of the phosphorus-hydrogen coupling constant 
[J ~ lSHz] indicates th a t they are cis to the hydrogen PH 
28 
atom. 
4 L = 
6 L = 
Ph 3P, (a) 
( d) 
R3=Cl 3 , 
S 'R i 3 
( b) 
R3=(0Et) 3 
MePh 2P, (a) R =Ph 3 3 
R3=MeC1 2 , ( C ) R3=Ph 3 , 
The high field n.m.r. spectra of the triphenylarsine 
analogues show only a singlet. Presumably the expected 
1 . . h 7 5 coup ing wit As(I=3/2) is not observed because this nucleus 
14 
possesses an elecc ic quadrupole moment. 
The stereochemistry of oc ahedral iridium(III)-hydride 
complexes containing tertiary phosphines can be determined 
ram the position and multiplicity of the high field lines,
28 
(see chapter 1). Thus, the position of the high field 
signal (29T) in the n.m.r. spectra of the complexes §a and 8b 
and the small coupling constants (table 2-3) indicate that 
hydrogen is trans to the chlorine atom and is mutually cis to 
three phosphorus atoms: 
H 
L 
Ir 
Rs· 
3 
1 
~ L = MePh 2P , (a) R 3=cl 3 , ( b) R3=MeC1 2 
For the trichlorosilyl complex §a, the hydride resonance 
consists of a doublet of overlapping triplets arising from 
coupling with two mutually trans, equivalent phosphines and 
a third inequivalent phosphine, (see figure 2-4). 
In the case of the dichloromethylsilyl complex Sb, the 
hydride resonance consists of a 1:3:3:l quartet (see figure 
2-3); this suggests that the three phosphines, although not 
chemically equivalent, are magnetically equivalent, 
JP-H = 10.SHz. 
The hydrogen chemical shift (20.lT) and the large 
coupling constant [J = 129Hz] P-H for the complex 
IrHCl [Si (OEt) 3 J (MePh 2 P) 3 (§c) clearly indicate that the 
27.5 
Figure2-2. High field n.m.r. spectrum of the complex lrHC'[SiPh3Jrh3PJ
2
, 
Cl 
' 29.8 
Figure 2-3. High field n.m.r. spectrum of complex lrHCl[SiMeCl
2 
JAePh
2
P1. 
I 
I \ \ 
,, ' 
I ' \ I 
1 
29.0 
Figure 2-4. High field n. m.r. spectrum of complex lrHCI [SiC13] ~ePh2PJ3 
. 
129 Hz 
Ir 
20 .1 ( T) 
Figure 2-5 . High field n.m.r. spectrum of the complex 
15 
hydrog£n atom is trans to one of the phos hine groups. The 
two triplet pattern is observed for this complex because 
there is further coupling of the hydrogen atom with the 
other two eq· 1valent phosphorus n cle i, JP-H - 16.SHz, 
(see figure 2-5) . 
The signals for the triethoxy groups of the triethoxy-
silyl complexes occur at slightly higher field than those for 
the free silane. No coupling is observed between these 
protons and the phosphorus nuclei. For the complexes 
IrHCl[Si(OEt) 3 ]L 3 and IrHCl(SiPh 3 )L 2 (L = MePh 2 P) multiplet 
signals are observed in the n.m.r. spectra for the methyl 
protons of the phosphine ligands, although a triplet and a 
doublet pattern would be expected for the first complex 
b f . f' . 30 ecause o its ~-con iguration. Apparently the chemical 
shifts of all the phosphine methyl protons in this complex 
are coincident, (see figure 2-6). 
No meaningful assignments can be made of the low field 
n.m.r. spectra of the complexes Ba and 8b because of some 
decomposition in solution. 
c. Reaction of the silyliridium(III)-complexes with carbon 
monoxide 
(i) The triphenylphosphine complexes 
Equation 2-6 outlines the reaction of carbon monoxide 
with the triphenylphosphinesilyl complexes 4: 
6 
0-CH 
-2 
t 
7 
P-CH 
-3 
f 
8 
Figure 2-6. Low field n.m. r. spectrum [ 6- 9 J of the complex 
lrHCi[Si (0Et)JrePh2j
3 
in CDCl3 . 
9 
(T) 
2-6 
R S'H 3 i 
4 
+ co 
---), 
H 
co 
L co 9 
co 
11 10 
(a) R3 = Cl3, (b) R3 = MeC12, {c) R3 = Ph3, 
{d) R
3 
= (OEt) 
3 
16 
Assuming a s imil a r configuration for the five-coordinated 
silyliridi m(III) complexes (1) as for the complex RhHCl-
(SiC1·3) (Ph 3P) 2 
26 (see section d for further discussion) it 
is reasonable to suggest that carbon monoxide would add to 
the vacant coordination site (in 1) to give 2 as the first 
product. Rearrangement of isomer 9 in solution can give 
isomer 10 or an equilibrium mixture of both depending on the 
silane used, and finally liberation of free silicon hydride 
gives the iridium(I) complex 11. 
data for these complexes. 
Table 2-4 lists the n.m.r. 
If carbon monoxide is 
solutions of complexes 1a, 
bubbled through freshly prepared 
4b and 4d for five minutes and 
- -
the n.m.r. spectrum is measured immediately afterwards, a 
single triplet (JP-H = 12Hz) at about 27T for T (Ir-H) is 
observed; his suggests the presence of complex 9 in which 
17 
the hydroge at o nt i s l ans to ch 1 r in e a.tom a 1 d c i s to t: w o 
equivalen phosphorus nuclei. Ater ten minutes, the n.m.r. 
spec rum shows nether triplet (JP- = 15Hz) at about 161 
and the i ensity f the tri let at 271 has d creased 
co .respondi.ngly, (see figure 2-7). The triplet at 161 suggests 
the presence of isomer 10 in which the hydrogen atom is trans 
to carbon monoxide and cis to two equivalent phosphorus 
nuclei. 
isomer 10 a is the 
- -
For the trichlorosilyl complex ~a, 
sole product isolated after ten minutes. The possibility of 
isomer 10 having the hydrogen atom trans to the SiR
3 
group 
cannot be ruled out. 
Carbonylation of the triphenylsilyl complex ~c gives the 
iridium(I) complex 11 [v (CO) -1 31 = 1950cm ] and free 
triphenylsilane instantaneously at room temperature; no 
silyliridium(III) carbonyl complexes could be detected. 
The infrared spectra (solid) of the carbonylated 
products, ~ and !9, (table 2-5) show two bands in the region 
-1 2000-2050cm and two bands in -1 the region 2100-2235cm The 
former pair is assigned to the terminal carbonyl stretching 
modes and the latter pair to the iridium-hydrogen stretching 
mo des. For the trichlorosilyl complex 1a, i~ mcL 10a is 
obLained in a pure state; it shows only two bands in the 
infrared spectrum (solid), v(C=O) -1 at 2025cm and v(Ir-H) 
-1 2118cm . After ten minutes the infrared spectrum in 
at 
chloroform solution of 9 and 10 shows an additional band at 
-1 
1950cm which is assigned to v(C=O) of the iridium(I) 
complex 11. 
- -
a. 
b. 
16.6 26.4 
a. After 5 mins. b. After 10 mins. 
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(ii) The triphenylarsine omElexes 
All the five-coordinate triphenylarsine-silylir1d1um(III) 
complexes (~) add carbon monoxide to give the corresponding 
octahedral iridium(III) carbonyl derivatives: 
H 
2-7 
IrHCl (SiR 3 ) (Ph 3As) 2 + CO 
2 + co 
Cl 
12 
isomers-IrHCl (SiR
3
) (CO) (Ph
3
As) 
2 
12 
(a) R3 =Cl 3 , (b) MeC1 2 , (d) (OEt) 3 
( C ) R •Ph 3 3 
The products 12( a ) , !?( b ) and !?(d) are assigned the above 
stereochemistry (eqn. 2-7) from infrared and high field n.m.r. 
data (tables 2-4 and 2-5) . For each of the silyl complexes 
!~a, 12b and 12d a sing l et is obtained in the high field 
region (-28T) of the n . m. r. spectra. The T-value is 
characteristic of hydrogen atom trans to a chlorine atom. 
The infrared spectrum of complexes !?a, 12b and 12d gives a 
-1 
b an d a t 2 2 0 0 cm f o r v ( I r - H ) [ H t ran s to C 1 ] an d an o th e r 
band at 2050cm-l [v (C=O)]. It is assumed that the triphenyl-
arsine ligands are mutually trans in !?a, 12b and 12d 
because the spectroscopic data of !~a, 12b and 12d are 
similar to those of product~ (eqn. 2-6), in which the 
triphenylphosphine ligands are considered to be mutually 
trans. 
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T. e triphe llsil?l corrple Sc reacts witn c rbon 
monoxide ogive an isomeric mix ure of the complex 
IrHCl SiPh 3 (CO) ( Ph 3 As) 2 (1~c) (c. f. triphenylphosphine 
analogue,r .17). The high field region of the n.m.r. spe trum 
of !?c shows two s inglets at 19.3T and 16.3T and the infra ed 
spectrum shows v(C~O) at 2030cm-l and 2000cm-l 
' 
and v(Ir-H) 
-1 -1 
at 2140cm and 2080cm . From these data, it is not possible 
to make a definite assignment of stereochemis~ry, but the 
hydrogen atom in both isomers is definitely not trans to 
the chlorine atom. 
The six-coordinate complex IrHCl (SiMeC1 2 ) (Ph 3 As) 3 (Za) 
does not react with carbon monoxide under the same conditions 
used for the five-coordinated complexes. 
pursued no further. 
This reaction was 
(iii) The methyldiphenylphosphine complexes 
The complex mer-IrHCl [Si (OEt) ] (MePh
2
P) (~c) reacts 
~ 3 3 
with carbon monoxide at room temperature to give isomers 
of the complex, IrHCl [Si (OEt) 
3
] (CO) (MePh
2
P) 
2 
2-8 
L co 
+ co ) 
LA.:;;------t: 
H 
8c 
-
14 
L = ( OE t) 3 
H 
Cl 
15 
The first product a~parent y results from the displacement 
of he phosphine liga d trans to hydrogen atom to yield 
isomer 14. This isomer gives a triplet (JP-H = 16.SHz) in 
20 
the high 1eld region of the n.m.r. spectrum at 17.0T for 
T(Ir-H); hy·rogen atom is therefore trans to carbon monoxide 
and cis to two equivalent phosphorus nuclei. Rearrangement 
or comple 14 gives isomer 15 which shows a triplet 
(J H = 12Hz) at 28.ST in the high field region of the n.m.r. P-
spectrum; hydrogen atom is therefore trans to chlorine atom 
and cis to two equivalent phosphorus nuclei. The infrared 
spectrum of complex 11 and l2 shows two bands for v(Ir-H), 
-1 
one at 2200cm (H trans to Cl) and at 2100cm-l (H trans to 
Co) and two bands for v(C=O) at 2050 and 1980cm- 1 • 
(§a and §b) react with carbon monoxide to give complexes of 
with the same stereochemistry as complex 15 above (eqn 2-8). 
A triplet (JP-H = 12Hz) at 26. 9T is observed in the high field 
-1 
n.m.r. spectrum and two bands, one at 2200cm , v(Ir-H), and 
-1 
at 2060cm , v (C=O), in the infrared spectrum, of 16a and 16b. 
The complex IrHCl (SiPh 3 ) (MePh 2P) 2 (§a) gives trans-
IrCl (CO) (MePh 2P) 2 [v (CO) = 1960cm -l] 
32 
and triphenylsilane 
when it is reacted with carbon monoxide. No intermediate 
silyiridium(III) carbonyl complexes could be detected. 
d. Su mary of resu ts and discussion 
The reactions of silicon hydrides with the iridium(I) 
complexes!, ~ and 3 are very similar to those with the 
complex RhCl (Ph P) . 
3 3 It is reasonable to assume that most 
21 
of the five-- ordinated silyliridium(Ill) comp exes possess 
the same square pyramidal stereochemistry as that of the 
rhodium L.Omplex RhHCl (Sic1 3) (Ph 3 P) 2 
26 (p .10), the hydrogen 
being trans to chlorine atom: 
S'R i 3 
4 L = Ph
3
P, R3 = (a) Cl 3 , (b) MeC1 2 , (c) Ph 3 , (d) (OEt) 3 . 
R3 = (b) MeC12, (c) Ph3, (d) (OEt) 3 . 
R
3 
= (a) Ph
3
• 
The infrared and n.m.r. data for the complex IrHCl(SiC1 3 ) -
(Ph 3As) 2 (Sa) suggest that hydrogen atom is not trans to 
chlorine atom, but the exact stereochemistry is unknown. 
The reaction of methyldichlorosilane and IrCl(Ph 3As) 3 
(~) gives both a five-coordinate and a six-coordinate adduct. 
The five-coordinate product (Sb) has the stereochemistry 
shown above but it is difficult to assign any stereochemistry 
to the six-coordinate product based merely on spectroscopic 
data. It is not obvious why methyldichlorosilane should be 
unique among the silanes studied in yielding two adducts of 
different coordination number. 
The stereochemistries of the products which result from 
the reaction of the silanes and the complex IrCl(MePh 2P) 3 
( 3 ) vary with the silane used. The complexes ~a, 8b and Be 
~ 
(eqn 2-5) all have the phosphine ligands in a mer-
configuration but have hydrogen trans to chlorine atom in 
complexes 8a and 8b and hydrogen trans to a phosphine ligand 
22 
in the trieth~~ysilyl product ~c. The complex IrHCl(SiPh 3 ) -
(MePh 2P) 2 (6a) is assigned the stereochemistry shown above. 
The tendency for the produc s IrHCl(SiR 3 )Ln to be 
From 
this order it s obvious that basicity and steric factors 
are the main factors controlling the coordination number 
in the products. Although triphenylarsine and triphenyl-
phosphine are generally similar as ligands, coordinated 
triphenylarsine probably causes less steric hindrance to 
an addend molecule than does triphenylphosphine because of 
the larger atomic radius of arsenic; this causes the bulky 
phenyl rings of the triphenylarsine to be further away from 
the iridium nucleus than in the case of triphenylphosphine. 
Similar steric factors probably account for the 
observation that all the triphenylsilyliridium(III) adducts 
obtained from triphenylsilane and complexes 1, 2 and 3 are 
five-coordinate, since the coordinated triphenylsilyl group 
is geometrically similar to coordinated triphenylphosphine. 
The overriding question in oxidative addition reactions, 
from a mechanistic point of view, is whether the addition 
proceeds via a concerted three-centre 3 I 6 transition state, 
or by a transition state analogous to that proposed for the 
Menschutkin reaction 6 
2-9 a+ o-R N - - - -R- - - -X 3 
The aqdit1on of methyl iodide to trans-IrCl (CO) (Ph 3P) 2 
(11) is believed to involve a highly polar transition state 
to that proposed for the Menschutkin 6 reaction, and a trans 
23 
mode of addition results. on ~he other hand the activation 
parameters for the hydrogen addition are consistent with 
a three-centre transiti on state in which both addend atoms 
interact simultaneously with the metal ion, with hydrogen 
atoms ending up cis to each other: 
2-10 
I 
L 
h d . 34 b f Sommer and co-workers ave stu ied a num er o 
reactions involving optically active, a-napthylphenylmethyl-
silane in the presence of reactive transition metal centres 
e.g. IrCl(CO) (Ph3P)2. The bulk of their evidence obtained 
indicates that the initial process in these reactions may 
be a stereospecific interaction of the silicon-hydrogen bond 
with the reactive transition metal centre and that this 
reaction occurs with an exceedingly high degree of retention 
of configuration at the silicon atom. These results are 
inconsistent with an S 2 mechanism but support a three-centre 
N 
mechanism for silicon hydride addition to transi t ion metal 
complexes. 
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Based on the observations disc ssed above, it seems 
very likely tha~ silicon hydride addition to the iridium(I) 
complexes 1, ~and~ proceeds through a three-centre 
mechanism. This conclusion is supported but not proved by 
the observation that the ligand atoms silicon and hydrogen 
are always cis in the adducts isolated. However, no work 
which would define the mechanism has been carried out. 
Unlike their rhodium analogues, most of the complexes 
IrHCl(SiR 3 )L 20 r 3 react with carbon monoxide to form stable 
s i 1 y 1-carbon y 1- iridium ( I I I) derivatives . This observation 
is consistent with the general trend observed for iridium 
and rhodium complexes (see Chapter 6). 
The oxidative addition of silicon hydrides to trans-
IrCl (CO) (Ph 3 P) 2 ( !! ) has been studied previously. 
16 The 
complexes formed in that reaction are not suitable for 
detailed investigation because of their instability in 
solution and because the reaction is limited to silicon 
hydrides bearing electronegative substituents. The products 
from the reaction of carbon monoxide with the triphenyl-
phosphine-s1lyl1ridium(III) complexes 1a, 4b and 4d are 
- -
generally identical with or are isomeric with those prepared 
16 by Chalk and Harrod as shown by comparison of infrared 
spectra. A recent re-examination of the n.m.r. spectrum 
of the adduct from the reaction of triethoxysilane with 
complex ii has shown the presence of a triplet (J = 14Hz) P-H 
at 16.lT due to Ir-H . 33 This result is in fair agreement 
with tha 
comple 
obtained for one of the isomers (!Qd) of the 
rHCl[Si(OEt) ] (CO) (Ph P) obtained by addition of 3 3 2 
triethoxysilane to the complex! and subsequen~ carbonylation; 
25 
the n.m.r. spectrum also show a triplet JP-H = lSHz) at 
16.0T for T(Ir - H). The author 33 indicated that such a low 
chemical shift suggests that hydrogen is trans to a group 
with an ex emely large trans-effect sue as Si(OEt) 3 . This 
suggest on w uld 'mply a trans mode of addition for 
triethoxysilane, and this in turn would favour an SN2 
mec anism for the addition. This seems highly unlikely in 
35 
view of the work by Sommer and co-workers mentioned above, 
and it seems more likely that hydrogen atom is trans to 
carbon monoxide in this isomer. 
It is not surprising to observe the formation of the 
complex trans-IrCl (CO) (Ph 3P) 2 (11) when the complex 
IrHCl (SiPh 3 ) (Ph 3P) 2 is reacted with carbon monoxide, since 
16 
triphenylsilane does not react with complex 11. Similarly, 
carbonylation of the complex IrHCl (SiPh 3 ) (MePh 2P) 2 forms 
the complex trans-IrCl(CO) (MePh 2P) 2 and free triphenylsilane. 
Presumably octahedral silyliridium(III)-carbonyl complexes 
are formed initially which rapidly decompose to form the 
complexes trans-IrCl(CO)L 2 (L=Ph 3P,MePh 2P) and free 
triphenylsilane. However the complex IrHCl (SiPh 3 ) (Ph 3As) 2 
reacts with carbon monoxide to give stable silyliridium(III)-
carbonyl products. These observations therefore suggest that 
the reactivity of complexes of type trans-IrCl(CO)L 2 
(L = Ph 3P, Ph 3As, MePh 2P) to undergo oxidative addition with 
triphenylsilane may be in the order L = Ph 3As>MePh 2P = Ph 3P. 
Since it has been shown that ligands which increase electron 
density at he central metal enhance the tendency of the 
metal to undergo oxidative addition, 2 the order of L should 
Apparently steric factors must be the 
deciding force in the reac ions of these complexes with 
triphenylsilane. 
The six-coordinated complexes §a, 8b and Be 
- -
(eqn 2- 5 ) 
26 
react with arbon monoxide by displacing one of the phosphine 
groups to give stable silyliridium(III)-carbonyl complexes. 
It seems likely that the phosphine ligand (L 1 ) trans to the 
silyl group in complexes Ba and 8b (eqn 2-11) would be more 
labile than any of the mutually trans phosphine ligands 
since 
thus, 
2-11 
L = 
35 
the SiR 3 group has an extremely high trans-effect; 
carbon monoxide should displace L1 and give complex 16: 
H 
~-+-----L 
Cl 
8 
+ co 
(a) ( b) 
H 
Cl 
16 
However for the complex §c the phosphine ligand trans 
to hydrogen is displaced when the complex reacts with 
carbon monoxide (eqn 2-8). It is assumed that complex 14 
(eqn 2-8) is the first product formed and that no re-
arrangement has occurred prior to its formation. 
TAB LE 2-2 
Physical properties of silyliridium(III)-complexesa. 
Compound 
IrHCl [S1. (OEt) 3 ] (Ph 3 P) 2 
I r ~H C 1 (Si Ph 3 ) (Ph 3 P) 2 
IrHCl {SiC1 3 ) {Ph 3 P) 2 
IrHCl {SiMeC12) {Ph3P) 2 
IrHBr [Si {OEt) 3 ] (Ph 3P} 2 
IrHCl [Si (OEt) 3 ] (Ph 3As) 2 
IrHCl(SiPh 3 ) {Ph 3As) 2 
IrHCl(SiC1 3 ) (Ph 3As) 2 
IrHCl(SiMeC12) (Ph 3As) 2 
IrHCl(SiMeC1 2 ) (Ph 3As) 3 
IrHCl [Si (OEt) 3 ) (MeP~ 2P) 3 
IrHCl(SiPh 3 ) (MePh 2 P) 2 
IrHCl {S1.Cl 3 ) (MeFh 2P) 3 
IrHCl (S1.MeC1 2 ) {MeP~ 2P) 3 
Colour 
orange-yellow 
dark orange 
orange 
orange 
yellow 
yellow 
dark orange 
pale yellow 
bright yellow 
pale yellow 
white 
dark orange 
white 
white 
b M.P. 
oc 
187-89 
179-80 
l90-95dec. 
210-15dec. 
135-40 
164-66 
169-70 
140-45dec. 
l85-90dec. 
140-45dec. 
144-45 
176-78 
90-95dec. 
175-80dec. 
a ..... all infrared data refer to the solid state 
b ..... dec represents decomposition point . 
v(Ir -H) 
-1 
cm 
2185 
2225 
2182 
2182 
2200 
2170 
2200 
2130 
2200 
2150 
2160 
2200 
2175 
2175 
TABLE 2-3 
1
H-NMR data for the silyliridium (III) -complexes.a,b 
Complex T(Ir -H ) 
1 
IrHCl [Si (OEt) 3 ] (Ph 3 P) 2 27.S(t) 
IrHCl(SiPh 3 ) (Ph3P)2 27 .5(t ) 
IrHCl (SiC1 3 ) (Ph 3P) 2 28.5(t) 
IrHCl (SiMeCJ 2 ) (Ph 3P) 2 27.?(t) 
IrHCl [Si (OEt) 3 ] (Ph 3As) 2 29.5(s ) 
Ir H C 1 ( Si Ph 3 ) (Ph 3A s ) 2 29.5(s) 
IrHCl (Si Cl 3) (Ph 3As) 2 19.S(s) 
IrHCl ( SiMeCl 2 ) (Ph 3 As) 2 30.B(s) 
IrHCl (SiMeCl 2 ) (Ph 3As ) 3 23.5(sJ 
IrHBr [Si (OEt) 
3
] (Ph
3
P) 
2 
27.0(t) 
C 
Ir H C 1 [ S i ( 0 Et ) 3 ] (Me Ph 2P ) 3 20.1(2t) 
(JP -H ) 
Hz 
15.0 
16.5 
13.5 
13.0 
15. 0 
129.0 
16.5 
T ( CH 3 ) 
T 
9.27(t) 
9.30(t) 
9.27(t) 
8 .86( t ) 
T ( CH 
2
) 
T 
6.76(q) 
6.BO(q) 
6.80(q) 
6.38(q) 
JH-H 
Hz 
7.0 
7.0 
7 • 0 
7.0 
T (P-CH
3
) 
7.95( m ) 
Complex 
IrHCl (SiPh3) (MePh2P, 2 
IrHCl ( SiC1 3 ) (MePh 2 P J~ 
IrHCl (SiMeC1 2 ) (MePh 2P) 3 
T(Ir-H) 
-r 
27.5(t) 
29.0(m) 
29.8(q) 
a .•.. all spectra measured in CDC1 3 . 
TAB~E 2-3 (cont'd) 
( J p -H ) 
Hz 
16.5 
10.5 
12.0 
10.5 
T ( CH 3) 
T 
b .... s=singlet, t=triplet, q=quartet, m=multiplet. 
T ( CH ) 
2 
T 
J 
H-H 
Hz 
T(P -CH 3 ) 
T 
8.S(m) 
c .... 2t represents two triplets centred at 20.1-r separated by 129.0Hz(see Figure 2-5) 
d .... m represents two overlapping triplets (see Figure 2-4). 
TABLE 2-4 
H-n.m.r. data tor the carbonyl-silyliridium(III) complexes.a,b. 
Complexes 1 (I:r-H) 
T 
IrHCl [Si (OEt) 3 ] (CO) (Ph 3P) 2 27. 5 (t) 
16.0(t) 
IrHCl (SJ.Cl ) (CO) (Ph P) 26.2(t) 
3 3 2 
17.0(t) 
IrHCl {SiMeC1
2
) (CO) (Ph
3
P) 
2 26.4 ( t) 
16.6(t) 
I r H C 1 [ S i ( 0 E t ) 3 ] ( C O ) ( P h 3A s ) 2 2 8 • 0 ( s ) 
IrHCl (Si Ph 3 ) (CO) (Ph 3 As) 2 19.3(s 
16.3(SJ 
IrHCl(SiMeC1 2 ) (CO) (Ph 3 As, 2 27.8(s 
IrHCl(SiC1 3 ) (CO) (Ph 3 As) 2 28.l(s) 
IrHCl(SiC1 3 ) (CO) (MePh 2 P) 2 26.S(t) 
JP-H 
Hz 
12 
15 
1 0 
14.3 
11.3 
15. 0 
12 
T ( CH 
3
) 
T 
9.25(t) 
8.78(t) 
9.45(t) 
T ( CH 2) 
T 
6.93(q ) 
6.18{q) 
6.90(q) 
J H-H 
Hz 
7 
7 
7 
TAB~E 2-4 (cont.) 
Complexes T(Ir-H) J P-H T ( CH 2 ) 
T Hz T 
Ir H Cl ( Si Me C 1 2 ) (CO ) (Me Ph 2P ) 2 2 6 • 9 ( t ) 1 2 
IrHCl [Si (OEt) 3 ] (CO) (MePh 2 P) 2 28.5 (t) 12 
17.0(t) 16.5 
a ••.• all spectra were measured in CH 2 c1 2 solutions. 
b .••• s=singlet, t=tr iple t, q=quartet. 
T(CH
3
) 
T 
JH-H 
Hz 
TAB• E 2-5 
Infrared data for the carbonyl-silyliridium(III) a complexes. 
Comp exes 
IrHCl[Si(OEt 3 ] (CO) (Ph 3P) 2 
IrHCl(SiC1 3 ) (CO) (Ph 3P) 2 
IrHCl (SiMeC12) (CO) (Ph3P) 2 
IrHCl[Si(OEt)3] (CO) (Ph3As)2 
IrHCl (SiPh 3 ) (CO) (Ph 3As) 2 
IrHCl (SiC1 3 ) (CO) (Ph 3As) 2 
IrHCl(SiMeC1 2 ) (CO) (Ph 3 As) 2 _ 
IrHCl(SiMeC1 2 ) (MePh 2P) 2 
Ir H C 1 [SJ. ( OE t) 3 ] (CO) ( Me Ph 2 P) 2 
IrHCl (SiC1 3 ) (CO) (MePh 2P) 2 
v(Ir-H) 
-1 
cm 
2200, 2100 
2118 
2235, 2165 
2185 
2140, 2080 
2200 
2200 
2200 
2200,2100 
2200 
v(C=O) 
-1 
cm 
2050, 
2025 
2020, 
2050 
2030, 
2060 
2045 
2060 
2050, 
2060 
2000 
2000 
2000 
1980 
a ..... al spectra were measured in the solid stat e as 
nuJol mulls. 
J 
TABLE 2-6. 
Analyses of the silyliridium(III)-complexes 
Complexes %C %H %Cl %P Mal.Wt. 
IrHCl [ Si (OEt) 3 ] (Ph 3P) 2 c.55.05 5.06 3.87 6.76 915 
f.55.97 5.21 4.04 6.73 963 
IrHCl(SiPh 3 ) (Ph 3P) 22c 6 H6 c.66.40 4.88 2.97 5.19 1165 f.66.46 4.90 3.09 5.19 1160 
IrHCl(SiC1 3 ) (Ph 3P) 2 c.48.71 3.52 15.97 6.98 
f .48.08 3.72 15.62 6.68 
IrHCl (SiMeC1 2 ) (Ph 3 P) 2 c.51 .25 3.95 12.26 7. 13 
f.51.01 4.15 11.82 6.89 
IrHCl [Si (OEt) 3 ] (Ph 3As) 2 c.50.22 4.62 3. 5 3 
f.50.27 4.68 3.73 
IrHCl (SiPh3) (Ph3As ) 2 c.58.93 4.21 3.22 
f.60.51 4.39 3.06 
IrHCl ( SiCl3) (Ph3 As ) 2 c.44.32 3.20 14.51 
f.45.22 3.41 13.65 
IrHCl(SiMeCJ 2 ) (Ph 3 As) 2 c.46.50 3.56 11.15 954 
f.47.02 3.61 10.88 878 
l 
TABLE 2-6 (cont'd) 
Complexes %C %H %Cl %P Mal.Wt. 
IrHCl (SiMeC1 2 ) (Ph 3As) 3 c.52.30 3.89 8.45 1260 f.52.80 4.19 8.05 942 
IrHCl [Si (OEt) 3 ) (MePh 2P) 3 c.54.45 5.58 3.57 9.36 991 f.54.76 5.42 3.71 8.96 813 
IrHCl (SiPh3) (MePh2P) 2 c.59.48 4.76 3.99 6.97 887 f.58.98 4.83 3.95 7 . 31 763 
IrHCl (SiMeC1 2 ) (MePh 2 P) 3 c.50.93 4.59 11.30 9.85 f.51.07 4.66 10.98 8.93 
IrHCl (SiC1 3 ) (MePh 2 P) 3 c.48.60 4.18 14.74 f.48.74 4.41 14.59 
IrHCl(SiMeC1 2 ) (CO) (Ph 3 P) 2 c.50.98 3.83 6.92 f.51.18 4.03 6.94 
IrHCl(SiC1 3 ) (CO) (Ph3 P) 2 c.48.53 3.41 f.48.63 3.53 
IrHCl [Si (OEt) 3 ] (CO) (Ph3 AS) 2 c.50.03 4.49 3.73 f.49.78 4.62 3. 7 3 
-------·----------------------------------------------------------
~ 
e. Experimental 
Physical Measurements and Chemical Analyses 
Materials 
Iridium salts were obtained from Johnson and Matthey 
Co., Wembley, England. 
Silicon hydrides were obtained from the Pierce 
Chemical Company. 
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Benzene was dried by heating at reflux with calcium 
hydride for 24 hours , distilling and storing over molecular 
sieves. All other solvents were stored over sodium wire 
or molecular sieves. 
Infrared Spectra 
-1 4000-400cm 
The samples were measured as hydrocarbon mulls (nujol) 
between KBr windows or as KBr pellets or in solutions on 
the following instruments: 
Perkin Elmer 457 and Perkin Elmer 225 spectrophotometers. 
-1 450-200cm 
The samples were measured as hydrocarbon mulls (nujol) 
between high density polyethylene windows or CsI plates on 
a Perkin Elmer 225 spectrophotometer. 
Nuclear Magnetic Resonance Spectra 
The proton magnetic resonance spectra (0-lOT) were 
recorded on· a Varian Associates H.A. 100 instrument at 100 
MHz. The high field spectra (10-40T) were recorded at 
60 MHz on a JEOL C60 H.L. instrument . 
J 
Phosphorus decouplings were performed on the Varian 
Associa tes H.A. 100 instrument equipped with a Rhode and 
Schwarz Decade FR signal generator. Proton decouplings 
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were performed on the Varian Associates H.A. 100 instrument 
equipped with a Hewlett-Packard 4204A Oscillator lOHz-lMHz. 
Molecular Weights and Microanalyses 
0 Molecular weights were measured at 25 C in Analar 
solvents (ca. 0.02M) using a vapour pressure osometer 
(Model 301 A, Mechrolab) calibrated with benzil. 
Microanalyses were carried out by the John Curtin School 
of Chemistry of Medic~l Research (Canberra) and by the 
Research School of Chemistry (Canberra). 
Melting points (uncorrected) were measured on a 
Gallenkamp hotstage apparatus using samples sealed in 
evacuated capillaries. 
Chemical Preparations 
Unless stated otherwise all reactions were performed in 
an atmosphere of nitrogen. 
A. Modified preparation of di-µ-chlorotetrak is(cyclooctene)-
diiridium(I)-[IrCl(c8H14)2J2.38 
A solution of chloroiridic acid (2g) in water (5ml) and 
iso-propanol (10ml) was refluxed for 5 minutes. Cyclooctene 
(3ml) was added and the solution refluxed for 1 hour. At 
this time water (20ml) was added and mixture refluxed for 
a further 15 minutes. The resulting orange oil was separated 
from the solution by decantation and washed with cold 
methanol ( 2xl5ml). 
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bright orange so id (1.6g) when diethyl ether (30ml) was 
added to the oil. The solid was separated by centrifuge 
and dried in a current of nitrogen. 
Yield: 
Irc1 3 .xH 2o (2g) was also used but the yield was lower (1.3g) 
B. Modified preparation of di-µ-chlorobi s(cycloocta-1,5-
, 
d i e n e ) d i i r i d i um ( I ) - [I r C 1 ( C 8 H 1 2 ) ] 2 . 
3 9 
A solution of chloroiridic acid (2g) and cycloocta-1,5-
diene (3ml) in water (5ml) and ethanol (10ml) was refluxed 
for 3 hours. At this time water (20ml) was added and the 
mixture refluxed for a further 15 minutes. The resulting 
red oil was separated from the solution by decantation. 
Bright red crystals of [IrCl (c 8 H12 )] 2 (1. 2g) resulted when 
cold ethanol (15ml) was added to bhe oil. The crystals 
were filtered and washed with cold diethyl ether (2x5ml). 
Yield: 
C. Chlorotris (triphenylphosphine) iridium(I), chlorotris-
(triphenylarsine) iridium(I) and bromotris(triphenylphosphine)-
iridium(I) were prepared by the literature methods. 36 
Chlorotris(methyldiphenylphosphine)iridium(I) was 
prepared from di-µ-chlorotetrakis(cyclooctene)diiridium(I) 
and methyldiphenylphosphine in a similar manner as was for 
chlorotris(triphenylphosphine)iridium(I). 
D. Reaction of silanes with chlorotris(triphenylphosphine)-
iridium(I) 
(i) Triethoxysilane 
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To ch orotris (triphenylphosphine) 1..c1.diu (I) (0. 3g) in 
benzene (5ml) was added triethoxysilane (1 ml). The solution 
was refluxed for 15 minutes, at which time the dark red 
solution had turned yellow-orange. The product was 
precipitated with petroleum ether (b.p. 60-80°, 30ml) and 
recrystallized from benzene/petroleum ether (b.p. 60-80°) 
giving bright yellow-orange crystals, (0. 22g; 82%). 
(ii) Trichlorosilane 
Chlorotris(triphenylphosphine)iridium(I) (0.3g) was 
dissolved in benzene (5ml) in a vessel attached to a vacuum 
transfer line. Trichlorosilane (0.6ml) was degassed 
thoroughly and vacuum-distilled into the reaction vessel 
kept at liquid nitrogen temperature. The reaction vessel 
was then allowed to warm up to room temperature. It was 
stirred at this temperature for one hour. At the end of this 
period, the volume of solution was slowly reduced. When this 
was done orange-yellow crystals (0.21g; 81%) precipitated 
out. These were filtered off under nitrogen, washed with 
a little cold benzene (2x5ml) and dried in a vacuum. 
(iii) Methyldichlorosilane 
By the same method described above for trichlorosilane, 
orange-yellow crystals (0. 21g; 81%) of the methyldichloro-
silane adduct were obtained. 
( i V) Triphenylsilane 
A mixture of chlorotris(triphenylphosphine)irid1.um(I) 
(0.3g) and triphenylsilane (O.lg) was dissolved in benzene 
(15ml). The dark red solution was refluxed for 45 minutes 
and dark orange crystals (0.23g; 77%) precipitated. The 
............. 
product was filtered, washed wit h cold benzene (5ml) and 
dried in a vacuum. 
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(v) The adduct of triethoxysilane with bromotris(tri -
phenylphos hine)iridium(I) was was prepared in a similar 
manner as was for the case with chlorotris(triphenylphosphine)-
iridium(I). 
E. Reaction of silanes with chlorotris(triphenylarsine)-
irid1.um(I) 
(i) Triethoxysilane , {ii) triphenylsilane and 
(iii) tricholorosilane 
The adducts of these silanes and chlorotris(triphenyl-
arsine)iridium(I) were prepared in a similar manner as 
was for their triphenylphosphine analogues. 
(iv) Methyldichlorosilane 
A solution of chlorotris(triphenylarsine)iridium(I) 
(0. 3g) in benzene (5ml) was attached to a vacuum transfer 
line. Methyldichlorosilane (0.6ml) was degassed thoroughly 
and vacuum-distilled into the reaction vessel kept at 
liquid nitrogen temperature. The reaction vessel was then 
allowed to warm up to room temperature. Bright yellow 
crystals of IrHCl (SiMecl 2 ) (Ph 3As) 2 precipitated out. These 
were filtered off, washed with cold benzene (5ml) and dried 
in a vacuum. Slow addition of hexane to the filtrate gave 
pale yellow crystals of IrHCl (SiMeC1 2 ) (Ph 3As) 3 . These 
were filtered off, washed with cold pentane (2x5ml ) and 
dried in a vacuum. 
F. eaction of silanes with chlorotris methyldiphenyl-
phosphine)iridium(I) 
I 
(i) Triethoxysilane 
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To a solution of chlorotris(methyldiphenylphosphine) 
iridium(I) (0.4g) in benzene (10ml) was added triethoxysilane 
(1ml) and the solution stirred for 5 minutes at room 
temperature. The solution was then evapo rated to dryness 
at 25°c (15mm) yielding a yellow oil. Trituration of this 
oil with a small amount of petroleum ether (b.p. 30-40°) 
yielded the product as a white solid. Recrystallization 
from benzene/petroleum ether (b.p. 30-40°) gave white 
crystals. These were filtered off, washed with pentane 
(2x5ml) and dried in a vacuum. 
(ii) Triphenylsilane 
To a solution of chlorotris(methyld iphenylphosphine)-
iridi um (I) ( 0. 4g) in benzene ( 10ml) was added triphenyl-
silane (0.2g). The solution was refluxed for 2 hours, then 
0 
evaporated to dryness at 25 C (15mm). The residue was 
recrystallized from benzene/heptane giving orange crystals 
of the product. 
(iii) Trichlorosilane and (iv) Methyldichlorosilane 
The adducts of these silanes with chlorotris(methyl-
diphenylphosphine)iridium(I) were prepared in a similar 
manner as was described for their triphenylphosphine 
analogues. 
G. Reaction of silyliridium(III) complexes with carbon 
monoxide 
Carbon mon oxide was slowly bubbled through solutions 
L 
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of the silyliridium(III) complexe s (ca. 0.2g) in 
dichloromethane (5ml) at o0 c for 5-10 minutes. Addition of 
hexane to these solutions precipitated the products. In 
cases where isomers existed no attempt was made to isolate 
them. 
CHAPTER 3 
THE ADDITION OF ACETYLENES 
a. Introduction 
A considerable number of mononuclear complexes of 
transition metals in low or zero-valent states and 
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various acetylenes have been reported over the last twenty 
years. 40,41,42 Several products have resulted from these 
reactions; among them were binuclear and polynuclear 
complexes. Such complexes are considered to be inter-
mediates in metal catalyzed cyclopolymerizations and 
1 . . 43,44,45 po ymerizations of acetylenes. 
The bonding in acetylene and olefinic complexes has 
b b . f h . . 40,46,47 een a su Ject o muc discussion. Chatt and 
56,57,58 
co-workers have suggested that the bonding of 
acetylenes to transition metals (e.g. platinum) might be 
described in two ways, A or B: 
R 
I 
c~ 
C---R 
M M::11 0 C---R c~ I B A R 
The structure A implies that bonding is caused by donation 
of acetylene TI-electron density into an empty p- or a-orbital 
of the metal and back donation of electron density from a 
filled metal d (or dp-hybid) orbital to an acetylene 
rr*-orbital. The structure B implies that the electron 
density in the acetylene has been reorganized to give an 
arrangement close to that for an olefin, and that the 
resulting two unpaired electrons combine with two unpaired 
electons on the metal to give two 11 0 11 bonds between the 
acetylene and the metal. It is essential to note that A 
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and Bare merely different representations of the same type 
of bonding, with back bonding being more important in B. 
The above distinction was based on the values of 
!::. v(C=C) [ v(C=C) for the free acetylene minus v(C=C) for the 
complexed acetylene] found in the acetylene complexes; for 
smaller value of !::.v(C=C) -1 [range 130-200 cm ] structure A 
was favoured and for larger !::.v(C=C) 
structure B was favoured. 
-1 [range 400-500 cm J 
Chatt 56 also pointed out the possibility of there 
existing a series of complexes in which a gradual transition 
occurred between bonding of types A and B. Collman and 
31 Kang however, on the basis of their results using different 
acetylenes bonded to rhodium and iridium presented evidence 
that A and Bare distinct types of bonding, and are not 
related by a gradual transformation. They prepared the 
adducts of trans-IrCl (CO) (Ph 3P) 2 (11) and (i) ethyl phenyl-
propiolate and (ii) ethyl p-nitrophenylpropiolate respectively. 
(e.g. see eqn 3-1). The infrared spectra of complex 17 and 18 
show v(C=C) -1 for 17 at 2060cm [Smaller !::.v(C=C)J and for 18 
-1 
at 1750cm [larger !::.v(C=C)]; thus 17 possessing a type A 
structure and 18 a type B structure. 
59,60 Recen~ X-ray crystal structures have not fully 
clarified the existing ambiguities in valence states and 
stereo-chemical arrangement of ra sition metal a~etylene 
3-1 
Cl 
complexes. 
11 + PhC =C C0 2Et 
Ph ') 3 ~ 
Cl 
-------~) Ir ____ _ 
oc~ 
17 
C 
~N0
2 
18 
More detailed structure determinations are 
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required before the question of bonding can be fully answered. 
Many transition met a l complexes of the type M-C=CR 
h t d 31 , 51,52,61 ave been repor e . Since the acetylide (-C=CR) 
and cyanide (-C=N) anions and the carbon monoxide molecule 
(-C=O) are isolectronic, it is thought that the bonding 
between these isoelectronic groups and the metal is similar 
(see figure 3-1). The triple bond stretching frequencies of 
the acetylide-complexes are very similar to those of the 
free acetylenes. 
Table 3-1 lists some of the rhodium and iridium acetylene 
complexes and their acetylenic stretching frequencies. 
complexes were prepared by the direct interaction of the 
These 
acetylene and the iridium(I) or rhodium(I) complex, e.g.; 
31 
3-2 
RhCl (PhC=CPh) (Ph 3 P) 2 
X 
p1r*-orbitals 
Filled ·p1r- orbita Is 
Filled dp1r-hybrid orbitals 
Figure 3-1. A conventional representation of the bonding In 
M-C-- X systems where X = 0, N or CR. 
Complexes ut-c) Reference 
-1 . 
1rci[~eo2cc CC02Me]to)L2 1770 31 
lrCthC CC02Ej(CO)L2 2060 31 
lrHC1f--cco2Ej{CO L2 2130 31 
RhCto2cc CC02H (C~L2 
I 31 1600 
Rhctc CC02HJ (co)L2 1640 31 
lrCt3cc CCF3} 2 1885 50 
·1rf CM1(co)L3 2132 ~8 
Table 3-1 . Rh and Ir acetylene complexes and their{ C ' c). 
L = Ph3P. 
b. Results and Discussion 
(i) Reactions of IrCl(Ph 3P) 3 with terminal acetylenes 
of the type, HC=CR 
When a solution of chlorotris(triphenylphosphine)-
iridium(I) is reacted with acetylenes of the type HC=CR, 
a hydrido-acetylide iridium(III) complex results: 
H 
3-4 1 + HC=CR 
19 
( e) H, (f) Ph. 
The complexes!~ all show two bands, one strong and one 
37 
-1 
medium, in the infrared spectra in the region 2000-2190cm 
(table 3-2). The more intense band is tentatively assigned 
to the triple bond stretching mode of the terminally bound 
acetylide, and the less intense band is assigned to the 
iridium-hydrogen stretching mode. The reaction with acetylene 
of the type DC=CR must be undertaken if unequivocal assign-
ments of v (Ir-H) and v (C=C) are to be made. The complex !~a 
also shows a band in -1 its infrared spectrum at 1675cm which 
is characteristic of v(C=O). 
Two triplets (JP-H = 18Hz) centred at about 21T and 
separated by 154Hz are observed in the high field region of 
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the n.m.r. spectrum of complex ~~ (table 3-3, figure 3-2). 
These data clearly indicate that the hydrogen atom attachej 
to iridium is trans to one of the triphenylphosphine groups 
( J = 154Hz· T = 21T) and is cis to two equivalent P-H I H 
triphenylphosphine groups (triplet pattern, J H = 18Hz) 27128 P-
and thus, confirming a ~-configuration for the products. 
In addition to signals obtained for the iridium-hydrogen 
chemical shifts , signals belonging to the protons of the 
R groups and to triphenylphosphine ligands are also 
observed in the region 0-lOT of the n.m.r. spectrum of 
complex~~· The n.m.r. spectra of complexes 19b, 19c and 19d 
are similar to the n.m.r . spectra of the corresponding free 
acetylenes in the region 6.5-lOT except that the signals of 
the hydrogen atom in HC=CR are absent. 
(ii) Reaction of the complex IrCl (Ph 3P) 3 and 
diphenylacetylene. 
When diphenylacetylene is reacted with chlorotris(tri-
phenylphosphine)iridium(I), yellow crystals of IrCl(PhC=CPh)-
3-5 IrCl(Ph 3 P) 3 + PhC=CPh 
l 
IrCl (PhC=CPh) (Ph 3P) 2 + Ph 3 P 
20 
The product 20 is identical with that obtained from the 
31 
reaction of diphenylacetylene and the complex IrCl (N 2 ) (Ph 3P) 2 : 
3-6 IrCl (N 2 ) (Ph 3 P) 2 + PhC=CPh--+ IrCl (PhC=CPh) (Ph 3 P) 2 + N 2 
20 
and is similar to that obtained from the reaction of diphenyl-
acetylene and the rhodium(I) complex RhCl(Ph 3P) 3 
54 (eqn 3-3). 
153 Hz --------.... 1 
Ir 
21.2 T 
Ph · 3 
Figure 3-2. High field n. m.r. spectrum of the complex 
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-1 An intense band at 1865cm in the infrared spectrum of 20 
is assigned to the triple bond stretching mode of the 
co-ordinated acetylene. The rhodium analogue has been 
regarded by Wilkinson and co-workers 54 as a square planar 
rhodium(I) complex with the acetylene acting as a simple 
µ-donor ligand (structure A); whereas for the iridium complex 
20 th · · 1 k 31 d d h b d ' . __ , e origina wor ers consi ere t e on ing as in 
type B. 
The X-ray crystal structure of Pt (PhC =CPh) (Ph
3
P) 
2 
has 
60 been reported. The structure in the crystal is described 
as lying between the two postulated possibilities A and B, 
but being considerably closer to configuration A. It is 
therefore quite likely that the iridium complex ~Q may 
possess a similar configuration. 
(iii) Reaction of the complex IrCl(Ph 3 P) 3 and dimethyl 
acetylenedicarboxylate 
The product obtained from the reaction of IrCl(Ph 3 P) 3 
and dimethyl acetylenedicarboxylate has been previously 
prepared by the reaction of the complex IrCl (N 
2
) (Ph
3
P) 
2 
and 
dimethyl acetylenedicarboxylate 55 
R R 
I I 
R R 
21 
+ L 
40 
The n.m.r. spectrum of complex~! (table 3-3) gives two 
sharp singlets tor he methyl protons of the co 2 cH 3 groups . 
19 It was suggested that this would be expected if the 
chlorine atom is in the trigonal plane, the different 
signals arising from the methyl protons on the R groups in 
the a and S positions on the iridocycle. 
The infrared spectrum of ~! (table 3-2) exhibits two 
strong ester bands [V (C=O)] at 1715 and 1690 -1 cm as well 
as two medium bands in the region 1500cm-l which are assigned 
to the iridocyclapentadiene ring. 
A similar product to complex ~1 has been prepared from 
the reaction of RhC1(Ph 3 Sb) 3 with an excess of hexafluorobut-
62 2-yne. 
3-8 
- .... • Rh C l [ C 4 ( CF 3 ) 4 ] ( Ph 3 Sb ) 2 
22 
63 The X-ray crystal structure of complex~~ has been reported 
(see figure 3-3). The author described the co-ordination 
about the rhodium atom as a slightly distorted trigonal 
bipyramid with Sb atoms in the axial positions and a Cl atom 
and the 1 and 4 C atoms of the c 4 (cF 3 ) 4 moiety occupying 
equatorial positions. The Rhc 4 portion constitutes a five 
member ring which is planar. It was suggested from the data 
obtained that the electronic structure of the ring is 
probably somewhere between the extremes 
C=C 
Rh/ I 
C=C 
and 
c-c 
Rh/ I 
c-c 
By analogy product 21 should possess a similar structure as 
complex 22. 
Figure 3-3. A perspective view of the RhC1[c4(cF31Jrh3S~2 
molecule with phenyl and CF3 groups omitted . 
Table 3-2 
Infrared data for the acetylene - iridium complexesa. 
Complex 
IrHCl (C=CPh) (Ph 3P) 3 
IrHCl (C=CC0 2 CH 3 ) (Ph 3P) 3 
IrCl (PhC=CPh) (Ph 3 P) 2 
IrHCl [C:::C ( CH 2 ) 3 cH ] (Ph P) 3 3 3 
IrHCl [C ::: C (CH 2 ) 2 cH 3 ] (Ph 3P) 3 
IrHCl [C=C (CH 2 ) 2 oH] (Ph 3 P) 3 
IrHCl (C=CH) (Ph 3 P) 3 
IrCl(CH 3 o 2 CC=CCo 2 cH 3 ) 2 (Ph 3 P) 2 
b 
V (Ir - H) 
-1 
cm 
21 13 5 
2180 
2135 
2135 
2175 
2185 
V{C=C)c 
-1 
cm 
2115 
2100 
1865 
2160 
2170 
2130 
1975 
Other 
cm-l 
C 1675 ... v(C=O) 
b 1550, 1500 •. v(C=C) c 
1690, 1715 .. v(C=O) 
a ... all spectra were measured in the solid state as nujol mulls. 
b ... all bands are of medium intensities. 
c ... all bands are of strong intensities. 
r 
Table 3-3 
\J-N .M. R. data for complexes of the type IrHCl (C=CR) (Ph 3P); 
Complexes when R= 
co 2 cH 3 
Ph 
(CH 2 ) 3 cH 3 
(CH 2 ) 2 cH 3 
(CH 2 ) 2 0H 
H 
b T(Ir-H) 
( T ) 
21.25 
21.9 
21.3 
21.5 
19.l 
22.0 
J C 
trans 
Hz 
153.0 
155.0 
154.5 
154.5 
156.0 
154.5 
J , C 
ClS 
Hz 
18.0 
18.0 
18.0 
18.0 
18.0 
18.0 
=CCH 
-2 
( CH 2) 2 
( CH 3 ) 
=CCH 
-2 
(CH 2 ) 
(CH 3 ) 
CH 2 
CH 2 0H 
d Other 
( T ) 
7.88(m) 
8.82(m) 
9.2(m) 
7.88(m) 
8.74(m) 
9.2(t, J =7Hz) H-H 
7.7(m) 
6.7(m) 
Cont'd .. 
Table 3-3 Cont'd 
a ... all spectra measured in CDC1 3 with Me 4si used as internal standard. 
b ... in all cases two triplets were obtained. 
c ... J represents the P-H coupling constant, P being trans to H. trans 
J . 
Cl.S 
represents the P-H coupling constant, P being cis to H. 
d ... m=multiplet, t=triplet. 
Table 3-4 
Analyses of the acetylene-iridium complexes 
Complex %C %H %P 
IrHCl {C::CPh) (Ph 3P) 3 C • 66.69 4.60 8.32 f . 66.67 4.34 8.45 
IrHCl (C::CC0 2 cH 3 ) (Ph 3P) 3 C • 63.41 4.49 8.46 f . 63.82 4.76 8.12 
Ir Cl (PhC :: CPh) (Ph 3P) 2 C • 64.54 4.33 6.65 f . 63.66 4.30 6.70 
IrHCl [C=C (CH 2 ) 3 cH 3 J (Ph 3P) 3 C • 65.71 5.06 8.47 f . 65.81 5.14 8.23 
IrHCl[C :: C(CH 2 ) 2 CH 3 J (Ph 3P) 3 C • 65.48 4.94 8.58 f . 65.95 5.08 8.35 
IrHCl [c :: c (CH2) 20H] (Ph3P) 3 C • 64.23 4.74 8.57 f . 64.71 4.91 8.27 
IrHCl (C =CH) (Ph 3P) 3 . 2C 6 H6 C • 68.26 4.93 7.76 f . 68.88 5.01 7.62 
IrCl(C 6 H6 o4 ) 2 (Ph 3P) 2 C • 55.62 4.09 5.98 f • 55.75 4.16 6.12 
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c. Experimental 
See Chapter 2, section e, for general physical 
measurements and preparations of the iridium(I) complex (1). 
A. Interaction of acetylenes with chlorotris(triphenyl-
phosphine)iridium(I) 
(i) Phenylacetylene-(HC=CPh) 
To chlorotris(triphenylphosphine)iridium(I) (0.3g) in 
benzene {5ml) was added phenylacetylene (1ml). The solution 
was stirred for 90 minutes, then evaporated to dryness at 
2s 0 c (15mm). The residu~ was recrystallized from chloroform/ 
ethanol giving brown crystals (0.26g) of the adduct (79% 
yield) M.P. 11s-20°c. 
The same procedure was followed for the other 
acetylenes, varying only the period of stirring. 
(ii) Methyl Propiolate-(HC =CC0 2 CH 3 ) 
Solution stirred for 2 minutes. (0. 25g; 78% yield) 
M.P. 160-62°c. 
(iii) Diphenylacetylene-(PhC=CPh) 
Solution refluxed for 12 hours (0.2g; 74%) 
* oc. M.P. 215-20 (d) 
(iv) l-Hexyne-[HC=C(CH 2 ) 3 cH 3 ] 
Solution stirred for 2 hours. (0.24g; 75%) 
* oc. M.P. 100-05(d) 
( V) 1-:-Pentyne [HC=C(CH 2 ) 2 cH 3 ] 
Solution stirred for 2 hours. (0.24g; 75%) 
M.P. 150-52 0 C . 
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(vi) 3-Butyn-1-ol- [HC=C(CH 2 ) 2 0H] 
Solution stirred for 45 minutes. (0.21g; 66%) 
* M.P 110-lS(d) 0 c. 
Solution stirred for 12 hours. (0.22g; 71%) 
M.P. * 0 250-Sl(d) C. 
(viii) Acetylene-(HC=CH) 
The gas was bubbled through the solution for 15 minutes 
at room temperature. (0.22g; 71%) M.P. 150-SS(d) 0 c. 
* ..• d represents decomposition point. 
~ 
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CHAPTER 4 
ADDITION OF ACYL CHLORIDES 
a. Introduction 
8 The d complex RhCl(Ph 3 P) 3 (~~) has proved to be an 
. 9 f 1 t ' 81 efficient catalyst for hydrogenation, hydro ormy a ion, 
· 1 18 d d b l . . 64,65,66,67 hydrosi ation an ecar ony ation reactions. 
The decarbonylation of acid chlorides using the complex 
23 has been studied in . . d t 64,65 detail by two indepen en groups; 
the mechanisms proposed vary as to the true identity of the 
catalyst. 64 Blum et al proposed the following mechanism 
for the decarbonylation of aroyl halides using complex~~ 
as the catalyst: 
0 
4-1 
RhClL 3 
23 
s 
II 
+ArCCl 
RhClL 2 (S) + L 
-Arel 
RhC1 2 (Ar)L 2 
27 
S=Solvent 
-co 
( 
RhC1 2 (CO.Ar)L 2 
25 
RhC1 2 (Ar) (CO} L2 
· ~y -ArCl 
RhCl(CO)L 2 
28 
The initial step is oxidative addition of the acid chloride 
to the dissociated form (~1) of complex f] to form the acyl 
complex~?· Alkyl migration affords a supposed intermediate 
~~ which can eliminate carbon monoxide to form ~L· Alterna-
tively ~§ can lose aryl halide to form the rhodium(I) 
complex~~- Intermediate 27 can also lose aryl halide to 
regenerate the catalyst 24. The transformation of 26 to 28 
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is thought to be the deactivating path and that~~ must lose 
carbon monoxide before catalytic activity can be regained. 
On the other hand, 65 Ohno et al considered that the 
decarbonylation of acid chlorides by complex~~ is 
stoichiometric and that the actual catalyst is the rhodium(I) 
complex ~8: 
RCOCl 
RhClL 3 RhC1 2 (CO.R)L 2 RhC1 2 (R)(CO)L 2 
23 l 25 I - co t§ 4-2 +CO 
Rh C 1 
2 
( CO . R) (CO)L
2 
+RCOCl RhCl(CO)L
2 
+ RCl 
29 28 
., 
When acid chlorides of the type RCH 2cocl [R=aryl or alkyl] 
are decarbonylated, RCl is generally the main product. 
However if acyl chlorides of the type RCH
2
CH
2
COC1 are 
decarbonylated, olefins and hydrogen chloride are formed. 
Isomers of olefins are normally obtained, 1-olefins being 
the main product. 
In both mechanisms the first step of the decarbonylation 
of acyl chloride using the complex RhCl(Ph
3
P)
3 
is the 
oxidative addition of the acyl chloride to form the rhodium-
(III) complex 25. Several stable complexes of type 25 have 
been isolated [R=(CH 2 )ncH 3 n=4,5,14,16] and characterized.
65 
Alkyl migration in complex 25 should then give the alkyl 
(or aryl) complex~§. However complex 26 has been isolated 
only for the methyl ( R=CH 3 ) and phenyl ( R=P h) 
66,67 
complexes. 
Acyl chlorides also react with complexes of the type 
IrX(CO)L 2 [L=tertiary phosphine, X=halogen] to give 
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six-coordinate acyl 2,32,68,69 comp 1 ex e s , I r X C 1 (CO . R) ( CO) L 2 . 
The decarbonylation of these acyl complexes to give alkyl 
complexes has been observed in . 68 6 9 two instances: ' 
4-3 IrBr 2 (CO.Me) (CO) (Et PhP) 2 2 ---) IrBr 2 (Me) (CO) (Et 2 PhP) 2 
4-4 IrC1 2 (CO.Ph) (CO) (Me 2 PhP) 2 ) IrC1 2 (Ph) (CO) (Me 2 PhP} 2 
Oxidative addition reactions of alkyl or aryl halides 
and iridium(I) and rhodium(I) carbonyl complexes have 
afforded several examples of carbonyl-iridium(III) and 
r h o d i um ( I I I) alkyl (or aryl) 10,32 70 complexes, ' e.g., 
IrX(CO)L 2 + CH 3 Y 
4-5 
4-6 
L = MePh 2 P X=Y=Cl,Br 
X=Cl, Y=Br,I 
X=Br, Y=Cl 
L =Et 
3
P, 
Acyl chlorides (RCOCl) also react with the iridium(I) 
complex [IrCl (CO) (CH ) ] (30) to give bridged chloro-
8 14 2 2 
complexes of type i [IrC1 2 R(CO) 2 ] 2 (~~) [R= (a)Me, (b)Et, (c)Pr, 
or (d)Ph]. 38 These alkyl (aryl) complexes react with an 
excess of tertiary phosphines to give mononuclear iridium(III) 
acyl complexes of type IrC1 2(co.R) (CO)L 2 (L=Me 2 PhP,Et 2 PhP). 
In contrast, the alkyl iridium(III) complexes undergo 
cleavage of the chlorine bridges when treated with pyridine 
(1 mole per iridium atom) without acyl formation; compounds 
of the type Irc1 2 (R) (CO) 2py ( R=Me ,Et, py=pyridine) are formed. 
The addition reactions of the complex IrCl(Ph3P) 3 (!) 
with acyl chlorides have been studied for the purposes of 
comparison with both the complexes Rh Cl ( Ph 3 P) 3 ( ~ ~) and 
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IrCl (CO) (Ph
3
P) 
2 
(11). Since preliminary studies showed that 
reactions of acyl chlorides, RCOCl, and complex!, where 
the R group of the acyl chloride is branched at the a-carbon 
atom, give alkyl-iridium(III) carbonyl complexes, where the 
alkyl group attached to the iridium(III) ion is always 
straight-chain, the addition of RCOCl with complex ~Q has 
also been studied. 
During the course of this work, Kubota and 82 83 co-workers ' 
reported the reaction of acyl chlorides and the iridium(I) 
complex IrCl (N
2
) (Ph
3
P) 
2
• This .reaction proceeds through 
the formation of five-coordinate acyl intermediates which 
readily isomerize to give six-coordinate alkyl (aryl, 
carbonyl complexes: 
IrCl (N 2 ) (Pti 3 P) 2 + RCOCl -
Cl 
Cl co / 
32 PPh 3 
Complexes of type 31 and 32 have been isolated and 
characterized. 
The reactions of acyl chlorides and the complexes! 
and 30 and their results are discussed in the subsequent 
sections. 
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b. Results and Discussion 
(1 ) Reaction of acyl chlorides with IrClL 3 
Acyl chlorides (RCOCl) react with the iridium(I) 
complex 1 to give s~x-coordinate alkyl (aryl) iridium(III) 
complexes of type Ircl 2 (R) (CO) (Ph 3P) 2 (~~), the stereochemistry 
of which, based on far-infrared data, is generally as shown 
in equation 4-7: 
Cl 
4-7 1 + RCOCl 
co 
33 
R = (a) CH 3 , (b) c 2 H5 , (c) (CH 2 ) 2 CH 3 , (d) (CH 2 ) 3 CH 3 , 
(e) (CH
2
) 4 cH 3 , (f) CH 2 CH 2 Ph, (g) Ph, (h) (CH 2 ) 6 CH 3 
Thus, the far-infrared spectrum of complex ]J shows two 
-1 -1 bands at about 305cm and 253cm ; these bands are 
ascribed to iridium-chlorine stretches suggesting that the 
chlorine atoms are mutually cis but trans to carbon monoxide 
and alkyl (aryl) group respectively. A strong band at 
-1 2030cm is also observed in the infrared spectrum of 
complexes~~; this band is characteristic of v(C=O) when 
the carbonyl group is terminally bound to Ir(III) ion. 
These complexes are all monomeric in chloroform solution. 
Tables 4-1 and 4-2 list the infrared and n.m.r. data for 
complexes 33. The n.m.r. spectra for complexes ~~c-JJh 
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are interpreted and discussed in section C. 
(i) Acetyl chloride 
The reaction of acetyl chloride to the iridium(I) 
complex! gives two isomeric products which may be separated 
in a pure state depending on the rate of crystallization. 
Complex 33a (eqn 4-7) is the product of slow crystallization. 
This is achieved by addition of diethyl ether to the reaction 
mixture cooled to room temperature and finally cooling 
the mixture to o 0 • On the other hand, rapid crystallization 
yields product 34 with stereochemistry as shown~ 
Cl 
34 
The far-infrared spectrum of complex ~1 shows two bands at 
-1 -1 290cm and 256cm ; these are assigned to V(Ir-Cl), 
chlorine trans to phosphine ligand and chlorine trans to 
methyl group respectively. The infrared spectrum in the 
solid state also shows a strong band at 2040cm-l which is 
assigned to the terminal carbonyl stretching frequency. 
However, the infrared spectrum of complex ~1 in chloroform 
1 -1 
shows a band at 1710cm- in addition to the band at 2040cm . 
-1 .. 
This band at 1710cm indtcates that the methyl complex 
J1 has partially isomerized to the acetyl complex, 
IrC12 (CO .Me) (Ph3P} 2 , (~~a) [ V ( C =O) 
-1 
= 1710cm ] . 
4-8 IrC1 2 (Me) (CO) (Ph 3P) 2 
34 
K 
35a 
The n.m.r. spectrum of ~1 in deuterochloroform shows a 
triplet (J =SHz) P-H at 9.43T and a singlet at 7.85 T . 
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The 
resonance at 9.43T is assigned to the methyl protons, while 
the singlet is assigned to the acetyl resonance. The trip-
let pattern presumably arises from coupling with two 
equivalent mutually trans phosphorus nuclei. A similar 
triplet pattern is also observed at 9.43t for the methyl 
protons of complex ~~a. However no resonance assignable to 
acetyl protons is observed. Similarly the infrared 
spectrum of complex 33a in chloroform shows no band at 
-1 1710cm , suggesting that this product does not isomerize 
to an acyl (see section e for further discussion). 
The relative areas of the methyl and acetyl peaks in 
the n.m.r. spectrum of complex ~1 suggest that K (eqn 4-8) 
is approximately 2.0 at 34°. 
Acetyl chloride also reacts with the complex IrCl-
(MePh
2
P) 3 ( ~) but only one product 
as shown can be isolated: 
Cl 
co 
36 
(36 ) of stereochemistry 
- -
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The infrared spectrum of complex J§ shows two bands due to 
V (Ir-Cl) -1 at 310cm (Cl trans to CO) -1 and at 280cm (Cl trans 
---
to MePh 2 P) and one strong band (solid and solution) at 
-1 2020cm which is assigned to v(C=O). The n.m.r. spectrum 
of 36 in deuterochloroform confirms its stereochemistry as 
shown above; the methyl protons of the phosphine ligands 
give rise to two doublets (JP-H = 10. 5Hz), one at 7. 85T and 
the other at 8.24T. These data are characteristic of 
methyldiphenylphosphine ligands in a mutually cis configura-
tion for Ir (III) complexes. In the n.m.r. spectrum, four 
lines or two overlapping doublets at 8.86T are observed for 
the methyl group attached to the iridium atom: 
J trans 
I \ I \ 
I \ I \ 
I I \ 
.---J 
i---... ""'.. cis 
I 
8.86T 
This pattern would be expected for complex J§ of stereo-
chemistry shown above since the phosphine ligands are 
inequivalent, the coupling constant of the trans phosphine 
being greater than that of the cis ligand (J =7Hz, 
trans 
J ClS=4Hz) • 
(ii) Propionyl chloride 
Propionyl chloride reacts with the iridium(I) complex 1 
to give complex ~~b (eqn 4-7), and with iridium(I) complex 3 
to give a product o f form u 1 a I r C 1 2 ( Et) ( CO ) (Me Ph 2 P) 2 ( 3 7 ) and 
stereochemistry similar to complex 33b! 
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Cl 
co 
37 
Thus, the far-infrared spectrum of 37 shows bands at 
-1 1 307cm (Cl trans to CO) and at 251cm - (Cl trans to Et). 
\ The phosphine ligands are shown to be mutually tr~ since 
a triplet (JP =SHz) 
-H at 7.59T is observed in the n.m.r. 
spectrum for the methyl protons attached to the phosphorus 
nuclei. 
The n.m.r. spectrum of complexes ~~band 2? also shows 
a triplet and a multiplet and these resonances are assigned 
to the ethyl group of both complexes. The methyl protons 
(triplet pattern) are coupled to the methylene protons 
(J =8Hz) and no apparent phosphorus coupling is observed H-H 
to these protons. However the multiplet pattern (methylene 
protons) arises because there is likely to be phosphorus 
coupling from both 31 P nuclei together with the hydrogen 
coupling from the methyl protons. 
(iii) Butanoyl chloride and 2-methyl propanoyl chloride 
(isobutyryl chloride) 
Complex ~~c is obtained in 80% yield from the reaction 
of butanoyl chloride and complex!, and in 55% yield from 
the reaction · of 2-methyl propanoyl chloride and complex 1. 
The infrared and n.m.r. data for the products from the 
different reactions are identical. The n.m.r. signals are 
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assigned and discussed in section c. 
The results of these reactions therefore suggest that 
under the conditions of the reaction the isopropyl complex 
has isomerized rapidly to the n-propyl isomer, complex 33c. 
In the summary (section d) the reasons and proposed 
mechanism for this isomerization are discussed. 
(iv) Pentanoyl chloride and 2-methyl butanoyl chloride 
The reaction of 2-methylbutanoyl chloride and 
complex! gives complex ~~d 
hydrido-iridium(III) complex 
(eqn 4-7) in 41% yield and the 
36 IrHC12 (Ph3P) 3 (~§; 42%), as 
shown by n.m.r. and infrared spectroscopy. 
Complex ~~d may also be prepared in 64% yield by the 
reaction of pentanoyl chloride and complex 1· 
(v) Hexanoyl chloride and 2-ethyl butanoyl chloride 
The reactions of these isomeric acyl chlorides and 
complex 1 give complex 33e (eqn 4-7) in both instances as 
- - -
shown by infrared and n.m.r. spectroscopy; 79% yield is 
obtained when hexanoyl chloride is reacted but only 30% 
yield is obtained with 2-ethyl butanoyl chloride. 
(vi) 3-phenyl propionyl chloride and 2-phenyl 
propionyl chloride 
The complex ~~f is obtained in 80% yield from the 
reaction of 3-phenyl propionyl chloride and complex!· 
However when 2-phenyl propionyl chloride reacts with 
complex l three products result, among them complex 33f 
- - -
(40% yield). The other two products isolated are complex 11 
(32%) and complex 38 (24%); these complexes are identified 
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by their infrared spectra 
(2) Reactions of acyl chlorides with complex 
(i) Acetyl chloride 
Shaw and Singleton showed that the addition of acetyl 
chloride to a solution of complex ~Qin boiling benzene 
gives the compound [Ircl 2 (Me) (CO) 2 ] 2 (~~a) as handsome white 
. 38 prisms. The infrared spectrum of complex 39a shows no 
- -
band characteristic of an acetyl group but there are two 
very strong absorptions due to carbonyl stretching 
frequencies at 2137 and 2083cm- 1 . 
However when the experiment is repeated in cold benzene 
and the reaction quenched almost immediately (ca. 5 minutes) 
after the addition of acetyl chloride, an acyl-iridium 
complex of formula [Ircl 2 (CO.Me) (CO) (C 8 H14 )] 2 (40a) results. 
The infrared spectrum of complex 1~a in the solid state 
-1 
shows a band at 1720cm , which is assigned to the acetyl 
stretching frequency [v(C=O)], and another strong band at 
2080cm-l assigned to the terminal carbonyl stretching 
frequency (table 4-3). The infrared spectrum in chloroform 
-1 
solution shows the appearance of a second band at 2130cm 
-1 
and the slow disappearance of the band at 1720cm ; this 
suggests that the acetyl complex is isomerizing to the alkyl 
complex in chloroform solution: 
4-9 CHCl3 IrC1 2 (CO.Me) (CO) (C 8 H14 )] 2 [IrC1 2 (Me)(CO) 2 J 2 +2c 8 H14 
40a 39a 
A similar phenomenon is observed when the n.m.r. spectrum 
of complex 1Qa is measured in deuterochloroform. Besides 
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signals due to free and coordinated cyclooctene, two sharp 
singlets are observed at 7.37T and 8.18 T . These resonances 
are assigned to the acetyl protons and to the methyl protons 
respectively. Over a period of 20 minutes the singlet 
at 8.18T increases in intensity at the expense of the one 
at 7.37T (see figure 4-1). 
The olefinic protons of the free and coordinated 
cyclooctene resonate at 4.4T and at 5.15T respectively. In 
a similar fashion the resonance at 5.15t decreases in 
intensity while the one at 4.4T increases. The n.m.r. 
spectrum also shows the complex multiplets due to the 
methylene protons of free and coordinated cyclooctene at 
7.8T and 8.5T. 
(ii) 2-methyl propanoyl chloride (isobutyryl chloride) 
2-methyl propanoyl chloride reacts wi th complex ~Q 
to give different products depending on the conditions of 
the reaction: 
4-10 
hot 
[IrC1 2 R
1 (CO) 2 ) 2 (39e) 
ff refluxing benzene 
[IrCl(CO) (C 8 H14 ) 2 ]+RCOC1 ) [Ire 12 R ( CO) 2 ] 2 
( 3 0) 
cold benz e ne 
benzene / 
CHC1 3 
39 C 
[IrC1 2 (CO. R) (C O) (C 8 H14 )] 2 
40c 
R = is£-propyl R' = n-propyl 
b. 
a . 
4 5 6 7 8 9 
Figure 4 -1. a . The n .m. r. spectrum of the complex [lrC12[co .Me] f~f 8H1~J
2 
measured 1n CDCl
3
. 
b . The spectrum after 20 m mules . 
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I the re ction of 2-methyl propanoyl chloride and complex 
30 in cold benzen is quen hed almost immediately (ca. 5 
minu es) th acyl complex 40c is obtained as white crys als. 
Its in ra ed spect um in the so id state shows strong bands 
-1 
at 1700cm v (C=O)] and at 2070cm -l [v (C=O)]. However the 
infrared sp ctrum in chloroform soluti on of 40c shows no 
bands characteristic of the acy group but two strong bands 
-1 -1 
at 2070cm and 2130cm , characteristic of terminal 
carbonyl stretching frequencies. As in the case of complex 
40a (eqn 4-9), the 2-methylpropanoyl complex ~Qc has 
isomerized completely to the isopropyl complex ~~c 
expelling free cyclooctene. Attempts to recrystallize 
complex 40c from chloroform or dichloromethane always give 
the alkyl complex 39c. 
Complex ~~c can also be prepared from the reaction of 
2-methyl propanoyl chloride and complex 30 in hot benzene. 
The n.m.r. spectrum of complex 39c in deuterochloroform is 
- -
very simple, consisting of a doublet ~t 8.55T and a 
multiplet at 6.72T, the relative areas being 6 and 1 
l 
respectively (table 4-5). The doublet is assigned to the 
methyl protons of the iso-propyl group, JH-H=7.5Hz, and the 
multiplet o the methine proton. 
The n.m.r. spectrum of the acyl complex {Qc in 
deuterochloroform shows resonances due to complex 39c and 
free cyclooctene. 
When the iso-propyl complex 39c is refluxed in benzene 
- --
for 90 mi utes an equilibrium mixture of the iso-propyl (50%) 
and the n-propyl 50%) complexes (39c and ~~e) is obtained. 
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The n.m.r. spectrum of this equilibri m mixture shows the 
signals characteristi of the iso-propyl group (described 
above) and also of the ~-propyl group (described below) 
(see figu:i::e 4-2). 
Treatment of the iso-propyl complex ~~c with two moles 
of triphe ylphosphine per iridium atom readily gives the 
mononuclear acyl comple~, IrC1
2 
(CO.iso-propyl) (CO) (Ph 3 P) 2 
The infrared spectrum of 41 shows the expected bands 
characteristic of an acyl group at 1670cm-l and of a 
-1 terminal carbonyl group at 2045cm . The n.m.r. spectrum 
shows a doublet (J =7.5Hz) H-H at 9.90T and a multiplet at 
7.0lT for the iso-propyl group (table 4-4). 
Continuous heating of complex ~~c in benzene gives 
bronze needles of the complex [IrHcl 2 (co ) 2 J 2 identified by 
13 its infrared spectrum. 
(iii) Butanoyl chloride 
White crystals of complex ~~e are obtained from the 
reaction of butanoyl chloride and complex 30 in hot benzene. 
The infrar~~ spectrum of ~~e is very similar to that of 
the ~-propyl complex 39c; two carbonyl stretching frequencies 
-1 
at 2135 and 2085cm are observed (table 4-3). 
The n.m.r. spectrum of the ~-propyl complex ~~e shows 
signals at 9.01-r, 8.32-r and 7.34T. The resonance at 9.011 
is a triplet and is assigned to the methyl protons of the 
n-propyl group; the triplet pattern arises from coupling 
(JH-H=8Hz) ·with the protons on the S-carbon atom. The 
S-methylene protons resonate at 8.32T as a sexte ; they are 
coupled to the a-methylene protons and the methyl protons 
~ 
Ir- C- C!k- CH:3 
~, 
~ "' Ir- CH - C- CH 
-2 I 3 
H 
6.7 7.7 8.7 T 
Figure 4-2 . The n.m.r. spectrum of the equilibrium mixture 
(J -8Hz). H-H . e me hylene pot~ 1s on t.e -carbon atom 
appear as a multi et at 7.34T 
he equi_ibrium mixture of iso-propyl and ~-propyl 
complexe 50% each) is also obtained when the n-propyl 
complex ~~e is refluxed in benzene for 90 minutes as shown 
by its n . m.r. spectrum (figure 4-2). 
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The mononuclear acyl complexes, Ircl 2 (CO -~-propyl) (CO) L 2 
(1~, (a) L=Ph 3P, (b) L=MePh 2 P) are obtained on reaction of 
the complex 39e with two moles of ligand L per iridium atom. 
Both complexes 42a and 42b show the characteristic bands 
- ....... - -
of acyl and terminal carbonyl groups in the infrared 
spectrum, v(C=O) -1 at 1630cm and v(C=O) at 2060cm- 1 . 
Complex ~~a is too insoluble for its n.m.r. spectrum to be 
measured; however complex ~~bis sufficiently soluble. Its 
n.m.r. spectrum shows a triplet (J =6Hz) P-H for the methyl 
protons of the phosphine ligands at 7.50T; this is 
characteristic when methyldiphenylphosphine ligands are 
mutually trans in Ir(III) complexes. Other signals are 
observed at 9.96T ( riplet), 9.60T (multiplet) and 9.06T 
(multiplet); these signals are assigned to the alkyl protons 
of the acyl group. The triplet (J =7Hz) H-H is assigned to 
the methyl protons, and the two multiplets to the methylene 
protons. 
(iv) Pentanoyl chloride and 2-methyl butanoyl chloride 
The product [IrC1 2 (n-butyl) (CO) 2 ) 2 (39f) is obtained 
from the reaction of pentanoyl chloride and complex 30 in 
hot benzene. The infrared spectrum gives the expected 
-1 terminal carbonyl st etches at 2140 and 2085cm . The n.m.r. 
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spect.r in deuterochloroform shows signals at 9.09t, 
8.54t and 7.3lt with relative areas of 3, 4 and 2 respectively. 
The multiplet at 8.54t is assigned to the resonances of the 
protons on the S- and y-carbon atoms and that at 7.3lt to 
the protons on the a-carbon atom: 
a B y 
Ir-CH
2
cH 2 CH 2 CH 3 
The triplet (J =8Hz) H-H at 9.091 is the resonance due to the 
methyl protons which are coupled to the protons on they-
carbon atom. 
In a similar manner complex [IrC1
2 
(2-butyl) CO) 2 ] 2 (~2g) 
is prepared. The infrared spectrum shows two terminal carbonyl 
-1 -1 
stretching frequencies at 2135cm and 2085cm . The n.m.r. 
spectrum of freshly prepared solutions of complex ~~gin 
deuterochloroform obtained at the earliest time when 
measurements could begin (ca. 5 minutes after preparation) 
shows a doublet at 8.55T, a triplet at 9.04t and two 
multiplets at 6.80t and 7 . 90t for the alkyl protons of the 
2-butyl group: CH -CH-CH -CH 
3 I 2 3 
Ir 
The doublet (JH-H=8Hz) is assigned to the resonance of the 
methyl protons adjacent bo the methine proton. The triplet 
is assigned to the other methyl protons which are coupled 
to the methylene protons. The multiplet at 6 .80 t is due 
to the methine proton resonance and that at 7.90t to the 
methylene protons. 
However if the spectrum is measured at various times 
over a period of three hours, signals belonging to the 
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n-bu yl c p le x 39 f appear Qn c o in ue to grow in intensity 
while those of complex J~g decrease until they disappear 
almost omplete y. The equilibrium apparently favours the 
formation uf the straight- hain a kyl in this system (39£ 
This is also confirmed by the fact that when 
complex 39f is heated in solution no 2-butyl complex results; 
i stead decomposition to the complex [IrHC1 2 {co) 2 J 2 is 
observed. Similarly this iridium-hydrido complex is formed 
~-
when complex ~~g is gently heated in benzene. 
(v) 3-phenyl propionyl chloride and 2-phenyl propionyl chloride 
These two isomeric acyl chlorides on reaction with 
complex ~O give the complexes [Ircl 2 R(CO) 2 ] 2 (~2h R=a.-
-phenethyl, 39i R=S-phenethyl) as beautiful off-white crystals. 
Their infrared spectr um shows the two carbonyl stretching 
frequencies -1 at 2135 a n d 2085 cm - . The n.m.r. spectrum of 
complex ~~his very simple; signals at 5.50t (quartet; CH 3 ), 
8.301 (doublet; CH) and 2.6t (multiplet; Ph) are observed. 
While the n.m.r. spectrum of complex ~~i gives two multi-
plets at 2.81 and 7.15T with relative areas being 5 and 4 
respectively. The chemical shifts of the two sets of 
methylene protons are apparently coincident and they resonate 
as a multiplet a 7.15t. 
All attempts to produce an equilibrium mixture by 
heating either complex in solution result in decomposition. 
(vi) Hexanoyl chloride 
The interaction of hexanoyl chloride and complex~~ 
gives white crystals of [Ircl 2 (n-pentyl) (CO) 2 ) 2 (~~j). I ts 
infrared spectrum is similar to those of the other alkyl 
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complexes; it shovs two strong terminal carbonyl stretching 
frequencies -1 -1 at 2130cm and 2085cm . The n.m.r. spectrum 
of ~9J shows three multiplets at 8. 46T, 8. 31 T and 7. 32T and 
a triplet at 9.011 which is assigned to the methyl protons 
( table 4-5). 
c. Assignments of n.m.r. signals of complexes 33c-33h 
(eqn 4-7) 
Table 4-2 lists the n.m.r. data for the alkyl-iridium 
complexes~~ and figure 4-3 shows a schematic representation 
of the chemical shifts of the alkyl protons of these 
complexes. From models of the complexes it is apparent that 
carbon atoms c 3 and c 4 of the alkyl groups are above and 
below the plane of the phenyl rings of the triphenylphosphine 
ligands (see figure 4-5). Thus, the protons attached to 
these carbon atoms will be abnormally shielded because of 
the ring current effect generated by the phenyl rings. 79 
This shielding effect causes a shift to higher T-value. 
The n.m.r. spectrum of the n-propyl complex 33c shows 
- --
a triplet at 9.88T (area 3) and a multiplet at 8.90T (area 4). 
The triplet ( J = 7 . 5 Hz) H-H is assigned to the methyl protons 
of the n-propyl group and the multiplet to the methylene 
protons. The methyl protons are attached to carbon atom 
c 3 and presumably this is the reason for its high chemical 
shift value. 
The n.m.r. spectrum of the ~-butyl complex ~~din 
deuterobenzene shows three multiplets at 9. SOT (5), 8. 70 ~ (2) 
and 8 . 4 0 T ( 2) . The resonance at 9.50T is probably due to 
the methyl protons (on c 4 ) and the methylene protons on 
~ 
R 
CH2CH 2Ph 
[CH2lH3 
[CH2J~H3 
[CH~~H3 
CH2CH3 
CH3 
Figure 4-3. 
13 l2 
I 
I 
I I J l 
T 2 3 4 5 
Schematic representation of alkyl [R] resonances 
intensities adjacent to the resonances . 
"l 
l2 12 
17 fa 
l2 l'2 Is 
L 13 
l2 L 
L 
' 
I J I I 
6 7 8 9 10 
of complexes 1,c12 [ RJ(co)~h3' 2 with relative 
j 
carbon atom c 3 ; both sets of protons are probably in the 
ring current path. The other two multiplet s are assigned 
to the pro~ons on carbon atoms c 1 and c 2 . 
A s imilar explanation may be used to interpret the 
resonances due to the n-hexyl group of complex ~~h; two 
resonances at 9.15T (7) and 8.75T (8) are observed. The 
methylene protons on carbon at oms c 3 and c 4 together with 
the methyl protons probably resonate at 9.15T, while the 
other protons resonate at 8.75T. 
The n.m.r. spectrum of the S-phenethyl complex 33f 
61 
shows two multiplets for the phenyl protons of the alkyl group 
at 3.05T (3) and 3.85T (2). 
The resonances are at unusually high chem i cal shifts for 
79 phenyl protons but from a model of the complex it is 
obvious that protons Ha and Hb are shielded probably because 
of the ring current generated by the phenyl ring of the 
triphenylphosphine ligands. These protons Ha and Hb are in 
similar positions as protons attached to carbon atoms c 3 and 
c 4 of alkyl groups described above. The methylene protons of 
the B-phenethyl group resonate as multiplets at 8.lOt and 
7.601. 
The n.m.r. data for the complexes of type [IrCl R(CO) ] 
2 2 2 
(R=alkyl) lend support to the idea that ring currents are 
62 
responsible for the observed abnorma ly high chemical shifts 
for the R groups of complex~~. Table 4-7 shows the n.m.r. 
data for the n-propyl, n-butyl and S-phenethyl complexes 
of both types of complexes. 
Table 4-7 N.m.r. data for complexes of type Irc1 2 (R) {CO) -
( P h 3 P ) 2 and [ I r C 1 2 ( R) ( C o) 2 ] 2 ; R = n - p r op y l , n - b u t y 1 , 
S-phenethyl 
Complexes when R= 
A 
CH -CH -CH 2 2 3 
B A 
CH -CH -CH -CH 2 2 2 3 
Hb 
Hb 
H b 
For Ir C 1 2 ( R) (co) (Ph 3 P ) 2 [IrC1 2 (R)( CO) 2 ] 2 
T T 
A at 9.88 A at 9.01 
A and Bat 9.50 A at 9.09 
Bat 8.54 
H at 3.85 
a Ha and Hb at 2.8 
Hb at 3.05 
The n.m.r. spectra of all the alkyl complexes ~~ show 
in addition to signals due to the alkyl groups, signals 
belonging to the triphenylphosphine ligands of these complexes. 
Two separate multiplets of relative areas 2 and 3 are 
observed for the phosphine ligands of all the complexes 
(figure 4-4). The resonance at lower field (2.05T) could be 
due either to the two ortho-protons or to the two meta-
protons. No additional work was done to clarify the assign-
ment. Free triphenylphosphine shows a multiplet at 2.6-2.7T 
in its n.m~r. spectrum measured in deuterochloroform; this 
chemical shift is similar to that of the multiplet of area 3 
T 
I 
1.7 
I 
2.7 
Figure 4- 4 . Jhe triphenylphosphine resonances of complexes 
lrC12 R[co ]tfl:3P]2. The spectrum was measured in CDC 13 . 
" 
Figure 4-5. Model showing relative positions of R and Ph groups. 
63 
m 0 0 m 
/ 
p p Ir p p 
/ m • m 0 
3 3 
when the phosphine ligands are coordinated. Therefore it 
seems reasonable to assume that protons on the phenyl rings 
are deshielded rather than shielded when triphenylphosphine 
ligands occupy a trans-configuration around the iridium 
nucleus. 
This observed separation may be characteristic of 
bistriphenylphosphine-iridium(III) complexes when the 
pho~phine ligands are mutually trans. The chemical shifts 
of the phenyl protons may be dependent on solvent but no 
further work was done to test this. 
d. Summary of result s and discussion 
Acyl chlorides react with chlorotris(triphenylphosphine)-
iridium (I) (1) to form stable alkylcarbonyl-ir1dium(III) 
-
complexes (33) {see equation 4-11). 
0 
II 64 
C R Cl 
Cl L 
1 RCG 1 I 
C 
35 
CHCl 31 
R=CH co 3 
4-11 rapid 33 
Cl cryst. 
The first step o f the addition is probab ly the nucleophilic 
attack of l on the acyl chloride, cleaving the C-Cl bond 
and expelling one mole of triphenylphosphine to give a five-
coordinate intermediate 35. This is followed by spontaneous 
migration of Rand rearrangement to form complex 33. Inter-
mediate 35 has not been is olated in any of the reactions but 
there is infYared and n.m.r. evidence for its existence in 
the case of R=CH 3 (3_5_a). The spontaneous migration of R, 
35 to~~' should be contrasted to the more difficult migration 
of R with loss of c arbon monoxide in the decarbonylation of 
complexes Ircl 2 (CO. R) ( CO) L 2 (L=tertiary phosphine). This 
di fference may be due to the fact that intermediate 35 is 
coordinatively uns aturated [Ir(I II)] whereas the complexes 
IrC1 2 (CO.R) (CO) L2 are all ooordinatively saturated d
6 
octahedral complexes. 
The .o xidative addition of acetyl chloride to complex ! 
yields two products ~~ a and 34; 33a is the produ~t of slow 
65 
cryst llizati or~ 1he reas 3 4 is obtained from rapid crystal-
lization. Comp lex~~ readily i somer i zes in chloroform 
solut i on to give an equilibrium mixture of an acyl complex 
(35a), the stereochemistry of which is unknown and a methyl 
complex , probably ~~a. Infrared and n.m.r . data confirm th e 
presence of acetyl and methyl complexes in the equilibrium 
mixture. The assumption that complex 21 partially 
isomerizes in chloroform . solution to complex ~~ a (and 35a) 
is based on the fact that the methyl resonances in the n.m.r. 
spectrum of the equilibrium mixture are identical to those 
of complex 33a. It should also be noted that product 34 
slowly isomerizes to give finally complex 33a. 
A similar alkyl-acyl isomerization was also observed 
by Wilkinson et al for the addition of acetyl chloride 
66 to complex RhCl(Ph 3P) 3 (23) and for the reaction of trans-
RhX(CO)L 2 with 
. d h 71 10 omet ane. 
The latter reaction yields ultimately the acyl-rhodium(III) 
products RhXI(CO .Me)L 2 , but it was shown that these products 
are obtained only by isomerization of an intermediate in 
I 
which the alkyl group is airectly bonded to the metal. In 
contrast the reaction of acetyl chlor i de and complex~~ 
gives the acyl-rhodium(III) complex as the first product 
which in turn isomerizes in solution to the alkyl-rhodium-
(III) complex, yielding finally an equilibrium mixture of 
both rhodium(III) complexes. It was pointed out 71 that the 
position of the equilibr i um depends on the strength of the 
metal-carbon bo nd in both species and hence on the 
migrational ability of the alkyl group. Studies on the 
manganese systems, e.g. Mn (CO .Me ) (CG 5 suggest that the 
alkyl group migration is t he most likely mechanism for the 
carbonyl inscrtio o 72,73 de a~bonylation reactions. 
The prod ct from the reaction of iodomethane and the 
complex trans-IrCl (CO) (Ph 3 P) 2 (_!) shows no a yl bands in 
the solutio1 70 i frared spe trum ad presumably there is 
66 
no equilibrium involving an acyl complex in this case. The 
product IrC1I (Me) (CO (Ph 3P) 2 (43) is very similar to and 
possesses a similar stereochemistry as complex 33a. 
I 
43 
In view of this fact and the fact that acetyl chloride 
reacts with complex IrCl (MePh 2 P) 3 (~) to give a stable 
product (~~) with the phosphine ligands mutually cis (see 
below), it would be reasonable to suggest that steric 
hindrance caused by the bulky triphenylphosphine ligands in 
a cis-configuration is the main reason why complex J4 readily 
isomerizes to~~ and ~~a, and finally to complex ~~a, the 
more stable isomer. 
Acetyl chloride reacts with complex 3 to give complex 
~~ of stereochemistry as shown on page 49. 32 Collman et al 
have prepared an isomer of J6 with a trans-configuration of 
phosphines and mutually cis chlorine atoms. Both isomers 
are extremely stable in solution and they show no evidence 
of 1somer1z1ng to acyl complexes. It is surprising though 
not to observe any alkyl-acyl equilibrium in sol tion for 
produ ct 36 in view of its close simi l arity to complex 34. 
An interesting feature of the oxidative addition of 
a cyl chlorides (RCOCl) to complex l_ arises when R is 
67 
branched at the a-c arbon atom. Four isomeric acyl chlorides 
react with complex ~ 1 butanoyl chloride and 2-methyl propanoyl 
chloride, 2-methyl butanoyl- and pentanoyl chloride, 2-
ethyl butanoyl- and hexanoyl chloride and 2-phenyl propionyl-
and 3-phenyl propionyl chloride, and in all cases products 
(~~) where the R group is always straight-chain are isolated. 
It is a well known fact that alkyl derivatives of 
transition metals are key intermediates in many homogeneous 
1 . . f l f' 74,75 cata ytic reactions o o e ins. Many of the catalysts 
used for these reactions normally possess a metal-hydrogen 
bond or are able to form such a bond ill situ during the 
reaction. The mechanism proposed for the carbonylation of 
olefins to aldehydes (hydroformylation reaction) catalyzed 
) . 76,77,78 by the complex HCo(CO 4 is: 
4-12 R H / /H dd ' ' c 1 a 1t1on 
//--co- (co) 3 +co HCo(Co) 4 +RCH=CH 2 
C I \2 
H H 
cleavage 
insertion 
+ co 
The first two steps of this mechanism produce the metal-
alkyl in~ermediate by addition of the hydrogen atom on the 
cobalt atom to the coordinated olefin . Insertion of carbon 
monoxide gives the acyl complex which in turn reacts with 
hy dr o ge n to 1 g.ne _ ctte the catalyst and give the a l d ehy de 
It should be note d that in t he addition step the hydrogen 
atom on ~h e me ta l c ould have a d ded to carbon atom c 2 
instead o c 1 . When t hi s hap p e n s bran c hed- and s t ra ight-
cha in p r oduc ts r e s ult . P h osph i nes , wh ich are sometimes 
added as carbonylation catalyst "promoters", f~vour the 
68 
formation of st aight-chain products from terminal olefins. 80 
A similar hydroformylation type of mechanism in 
reverse can be considered for the isomerization of branched-
chain iridium complexes to straight-chain complexes, e.g.: 
0 
" 
1 + CHCCl 
/ CH 3 
4 -13 
L 
CH 3 / 
CH 
I 
C= O 
35 b 
- -
CH - CH -CH 2 2 3 
Cl 
33c 
Cl L 
---+ 
Cl 3 31 
Jr 
CH -CH=CH 3 2 
Ir + L 
L co 
Cl 
4 4 
lu._ 
Th€ t ee main s of t h is propo sed mecha ism are that 
(1) isomerization of the branched-alkyl group o curs after 
the formation of che acyl 35b since the complex Ircl
2
-
CO.~.propyl) (CO) (Ph 3 P) 2 is sxtremely s-cab le , 2) the 
69 
instability or intermediate 33i is probably due mainly to 
steric hindrance caused by the bulky triphenylphosphine 
group and (3) the addition of the hydrogen atom attached to 
the iridium nucleus (in 44) always adds in an anti -
Markownikoff sense to the coordinated olefin to give product 
3 3. 
It is also possible for the intermediate~~ to expell 
hydrogen chloride and free olefin with formation of complex 
ll. This is observed in the reaction of 2-phenyl propionyl 
chloride with complex!; the complexes ~~f and IrHcl
2
-
(Ph 3P) 3 (38) are also formed. It is not clear why the other 
branched-acylchlorides do not qlso give complex 11 but the 
complex 38 as side products when they react with complex 1. 
- - ~ 
The ready hydrolysis of the acyl chlorides to generate 
hydrogen chloride may account for the product 38 which is 
formed by addition of hydrogen chloride to the starting 
36 
complex 1. 
Acyl chlorides also readily add to the iridium(I) 
complex [IrCl(CO) (c 8 I-1 14 ) 2 J2 (30). These reactions have 
been studied an discussed in some detail by Shaw and 
38 
Singleton. Therefore only additional observations will be 
discussed. 
Based on the results obtained in the prese it work, the 
reaction scheme for the addition of acyl chlorides to 
co plex 30 is: 
70 
cold 
30 + RCOCl 
benz ne 
40 
ht benzene 
4-14 
b z ne 
[IrC1
2 
(R) (CO) 
2
] 
2 
further ll ref 1 uxing 
heating 
[IrHC1 2 (C0) 2 ] 2 
[IrC1 2 (R'J (C0) 2 J 2 -------.1 
39 
R = straight-chain alkyl, R' = branched-chain alkyl 
R = branched chain alkyl, R' = straight-chain alkyl 
The initial step is the oxidative addition of the acyl 
chloride to complex ~Q to give complex 40; 1 mole of 
cyclooctene is expelled during this step. This is only 
achieved using cold benzene as solvent. When the reaction 
is performed in hot benzene the alkyl complex 39 is formed 
instantly. The acyl complex 1Q readily isomerizes in 
chloroform solution with loss of cyclooctene to give the 
alkyl complex~~ which in refluxing benzene produces an 
equilibrium mixture of branched-chain and straight-chain 
alkyl complexes. Continuous heating of complex~~ leads to 
the formation of complex [IrHC1
2
(co)
2
]
2 
presumably with 
expulsion of olefin. This is also observed when the complex 
IrC1 2 (Et) (CO) 2py is heated; ethylene and pyridine are 
detected and the complex [IrHC1 2 (co) 2 ] 2 is f rmed.
38 
he·position of the equilibrium in the equilibrium 
mixture in complex 39 depends on he alkyl group and thus on 
71 
the streng1:h of he iridium-cafbon bod. The eq ilib ium c n-
stant for the equilibrium mixture 9c and 39e (R=iso-propyl, 
R'=~-propyl) is approximate y unity. However the ~-butyl 
complex ~gf) is 
(2-buty 
favored for the equilibrium mixture of J9f 
and ~~g complex). Complexes 39c and 39e decompose 
-- --
in boiling benzene after 5 hours to give the hydride-
complex [IrHC1 2 co) 2 ] 2 , whereas complexes ~~f and 2~g 
decompose within 1 hour and 20 minutes respectively. It 
therefore follows that the stability sequence for the 
alkyl group in this series of complexes (J~) is ~-propyl= 
iso-propyl>~-butyl>2-butyl. 
A similar mechanism as outlined in equation 4-13 for 
the isomerization of branched -chain alkyl to straight-
chain alkyl in complexes 33 may be applied in this case. 
The formation of the hydride-complex [IrHC1 2 (CO} 2 ] 2 and the 
possible expulsion of free olefin when complexes 39 are 
decomposed lend support to the formation of an intermediate 
such as 44 (eqn. 4-13). The stability of the branched-
alkyl complexes~~ comp ared with the unstable intermediate 
such as 33i (eqn. 4-13) clearly shows the possible role 
played by the sterically hindered triphenylphosphine ligands 
in complexes of type 33i. 
e. Experimental 
Materials 
Acetyl chloride, propionyl chloride, butanoyl chloride, 
octanoyl chloride, benzoyl chloride, 2-methyl propanoyl 
chloride, 2-ethyl butanoyl chloride and 2-methyl butanoyl 
chloride were obtained commercially. Pentanoyl chloride 
Table 4-1 
Infrared data for alkyl-iridium complexes prepared from IrClL; 
Complex 
IrC1
2 
(Me) (CO) (Ph
3
P) 
2 
IrC1
2 
(Me) (CO) (Ph 3 P) 2 
IrC1
2 
(Et) (CO) (Ph
3
P) 
2 
IrCl (n-propyl) (CO) (Ph P) 
2 - 2 2 
IrCl (n-butyl) (CO) (Ph P) 
2 - 3 2 
IrCl (n -pentyl ) (CO) (Ph P)
2 2 - 3 
IrC1
2 
(n-heptyl) (CO) (Ph P) 
- 3 2 
IrC1
2 
(Ph) (CO) (Ph
3
P) 
2 
IrC1
2 
(CH
2
CH
2
Ph) (CO) (Ph 3 P) 2 
IrC1
2 
(Me) (CO) (MePh
2
P) 
2 
IrC1
2 
(Et) (CO) (MePh
2
P, 
2 
a •.• L=Ph 3 P, MePh 2 P 
. -1 
V(C=O)cm 
Nujol Mull 
2040 
2050, 2030 
2045, 2025 
2040, 2025 
2040 I 2030 
2040, 2030 
2030, 2020 
2045 
2025 
2020 
2040, 2025 
In CH 2c1 2 
2040, 1710c 
2040 
2035 
2030 
2035 
2035 
2025 
2020 
2030 
b ..• All bands are of strong intensities 
b V(Ir-Cl) 
-1 
cm 
290, 256 
300, 253 
307, 252 
305, 254 
306, 254 
302, 252 
305, 253 
315, 268 
312, 250 
310, 280 
307, 251 
c •.. Due to v(C=O' 
Table 4-2 
1 H-n.m.r. data for alkyl-iridium complexes prepared from IrClL 3
a,b 
Complex 
IrC12 (Me) (CO} (Ph3P) 2 
IrC1
2
(Me)(CO) (Ph
3
P)
2 
IrC1
2 
(Et) (CO) (Ph
3
P) 
2 
IrC1
2 
(n-propyl) (CO) (Ph
3
P) 
2 
e 
IrC12 (n-butyl) (CO) )Ph3P} 2 
IrC1
2 
(~-pentyl) (CO) (Ph
3
P) 
2 
e 
IrC1
2 
(n -heptyl ) (CO) (Ph
3
P) 
2 
Ir C 1 2 ( CH 2 CH 2Ph ) (CO) (Ph 3 P) 2 
IrC1
2 
(Me) (CO) (MePh 2 P) 2 
IrC12 (Et) (CO) (MePh2P) 2 
9.43(t) . I 
9.43(3;t) 
9.22(3;t) 
9.88(3;t) 
9.SO(S;m) 
c,d 
-r-values 
7.BS(s) Jp = 
Jp = 5Hz 
. 8.46(2;m) I 
; 8.90(4;m) 
. 8.70(2;m) . I I 
8.3-9.7(ll;m) 
9.15(7;m) ; 8.75(8;m) 
3.85 (2;m) ; 3.05(3;m) . I 
7.85(3;d) . 8.24(3;d) I 
8.86(3 ;4 lines} 
7.59(3;t) Jp = 5Hz 
9.25(3;t) . 8.77(2;m) I 
5Hz 
Jh = 8Hz 
Jh = 7.5Hz 
8.40(2;m) 
8.10(2;m) . I 
Jp = 10.SHz 
Jh = 8Hz 
7.60(2;m) 
cont!d ••• 
Table 4-2 Con~d ... 
a ... L = Ph3P , MePh2P 
b .•. al spectra were measured in CDC1 3 unless stated otherwise. 
c •.. the relative intensities are given in parentheses together with the patterns 
where t = triplet, d = doublet, m = multiplet, s = singlet. 
d ... Jp represents the apparent phosphorus-hydrogen coupling constant and Jh the 
apparent hydrogen-hydrogen coupling constant. 
e ... spectrum measured in c 6 D6 . 
~---- ----------- - -
Table. 4 -3 
Infrared data for alkyl- and acyl-iridium complexe prepared 
a 
from [IrCl(C~ (C
8
H14 ) 2 ] 2 
Complex 
[IrC1
2
(CO.Me) {CO) 
[IrC1
2 
{n-propyl) (CO) 
2
] 
2 
[IrC1
2 
(CO.~-propyl) (CO) (Ph
3
P) 
2 
[Ircl
2 
(iso-propyl) (CO) 
2
] 
2 
IrC12 (CO.iso-propyl) (CO) {Ph3P) 2 
[IrC1 2 (~-butyl) (CO) 2 ] 2 
b [IrC1 2 (CO. iso-propyl) (CO) (C 8 H14 )] 2 
[IrC1 2 (2-butyl) (CO) 2 ] 2 
[IrC1
2 
(~-pentyl) (CO} 
2
] 
2 
IrC1 2 (CO.~-pentyl) (CO) (Ph 3 P) 2 
[ Ir C 1 2 (CH 2 CH 2 Ph) {CO) 2 ] 2 
[IrC12 (PhCHMe) (CO) 2] 2 
IrC1 2 (CO.~-propyl) (CO) (MePh 2 P) 2 
2135, 
2060 
2130, 
2045 
2140, 
2070 
2135, 
2130, 
2070 
2135, 
2135, 
2060 
\J (C=O) 
- 1 
cm 
2080 
2085 
2080 
2085 
2085 
2085 
2085 
20 85 
\J{C=O ) 
- 1 
c:: m 
1720 
1630 
1670 
1700 
1625 
1630 
a ••• all spectra were measured in the solid state as nujol 
mull. 
b ••• in CHC1 3 solution v(C=O) disappears and anoth e r v(C=O) 
-1 
appears at 2130cm . 
Table 4-4 
1H-n.m.r. data for the acyl-iridium complexes.a 
Compl x 
IrC1 2 (CO.iso-propyl) (CO} {Ph 3 P) 2 
a ... all spectra were measured in CDC1 3 
b,c 1-values 
9.96(3;t) f 9.60(2;m) I 
9.06 {2;m) 
7.50(3;t} 
Jh = 7Hz 
Jp = 6Hz 
9.90(6;d), 7.0l(l;m) 
Jh = 7.SHz 
7.37(s), 8.18(s) 
b ... Jh represents the apparent hydrogen-hydrogen coupling 
constant and Jp, the apparent phosphorus-hydrogen 
coupling constant. 
c ... the relative intensities and spectral patterns are 
given in parentheses ; t = triplet, m = multiplet, 
s = singlet, d = doublet. 
e .•. the singlet at 7.371 decreases in intensity while the 
singlet at 8.181 increases. Signals for free and 
coordinated c 8 H14 are also observed. 
I 
I 
I 
I 
I 
r 
r 
I 
I 
I 
I 
I 
I 
I 
I 
Table 4-5 
1 H-n.m.r. data for the complexes of the type 
Complex when R= 
A 
A B C 
CH -CH -CH -3 2 2 
9.0l(t) 
A B A 
CH -CH-CH 3 3 
8.55(d) 
A B B C 
CH -CH -CH -CH -3 2 2 2 
9.09 (t) 
A B C D 
CH -CH-CH -CH 3 2 3 
8.55 (d) 
A B B C D 
CH -CH -CH -CH -CH -3 2 2 2 2 
9.0l(t) 
A B B 
c
6
tt
5
-ctt 2 -cH 2 -
2.7-2.9(m) 
A B C 
c 6H5 -CH-CH 3 
2.5-2.9(m) 
a ... all spectra were measured in CHC1 3 
a 
[IrC1 2 (R) (C0) 2 J 2 
T-valuesb 
B C 
8.32(s) 7.34(m) 
6.72(m) 
8.54(m) 7.3l(m) 
6.80(m) 7.90(m) 
8.64(m) 8.3l(m) 
7.15(m) 
5.SO(q) 8.30(d) 
b ..• t = triplet, m = multiplet, d = doublet, q = quartet, s = sextet. 
D 
9.04(t) 
7.32(m) 
J(H-H) 
Hz 
8.0 
7. 5 
8.0 
8.0 
7.5 
7. 5 
Table 4-6 
Analyses of the alkyl- and acyl-iridium complexesa 
Complex 
IrC1
2 
(Et) (CO) (Ph
3
P) 
2 
%C 
c. 54.94 
f. 55.22 
c. 55.46 
f. 55.95 
IrC1 2 (n-propyl) (CO) (Ph 3 P) 2 c. 55 .94 
f. 56.25 
IrC12 (n-butyl) (CO) (Ph3P) 2 c. 56. 44 
f. 56.72 
IrC1 2 (~-pentyl) (CO) (Ph 3 P) 2 c. 56.90 
f. 57.21 
Ir C 1 2 ( !!_ - hep t y 1) ( C 0) (Ph 3 P ) 2 c • 5 7 • 7 6 
f. 58.57 
c. 57.82 
f. 56.84 
IrC1 2 (CH 2 CH 2 Ph) (CO) (Ph 3 P) 2 c. 58.68 
f. 58.86 
IrC1 2 (Me) (CO) (MePh 2 P) 2 
IrC1 2 (Et) (CO) (Ph 2 P) 2 
c. 47.58 
f. 47.80 
c. 48.32 
f. 48.43 
3.97 
4.14 
4 .18 
4.21 
4.34 
4.48 
4.47 
4.61 
4.62 
4.75 
4. 96 
4. 7 3 
3.96 
4.29 
4.27 
4.41 
4.14 
4.37 
4.34 
4.30 
%Cl Mal.Wt. 
8.55 
8. 7 
8.41 
8.27 
8.16 
8.31 
8.13 
8.26 
7 . 99 
8.13 
7.75 
7.71 
7.96 
8.06 
7.71 
7.91 
10.03 
9.83 
9.85 
9.76 
844 
848 
858 
864 
872 
893 
886 
873 
914 
940 
920 
916 
cont'd •• 
Table 4-6 cont ' d 
Complex 
[IrC12 (~- butyl) (CO) 2] 2 
[ Ir Cl 
2 
(Ph CHM e) (CO) 
2 
] 
2 
[Ircl 2 (n-propyl) (CO) 2 ] 2 
IrC1
2 
(C0.!2_-propyl) (CO} (MePh
2
P) 
2 
IrC12 (C0.!2.-propyl) (CO) (Ph3P) 2 
IrCl 
2 
(CO.~-propyl) (CO} (Ph
3
P) 
2 
IrC12 (CO n-pentyl) (CO) (Ph3P} 2 
a... = caluclated, f = found. 
%C %H 
c. 28.30 2.14 
f. 27.85 2.24 
c. 19.15 2.41 
f. 19.41 2.58 
c. 28.30 2.14 
f. 28.41 2. 6 
c. 16.58 1.95 
f. 16.71 1.82 
c. 48.81 4.36 
f. 49.11 4.41 
c. 55.52 4.20 
f. 55.78 4.31 
c. 55.52 4.20 
f. 55 69 4.48 
c. 56.44 4 . 52 
f. 57.02 4.71 
" Cl 
16 73 
16.50 
18.87 
8.65 
16.73 
16.57 
19.57 
19.43 
9.29 
9.07 
7.91 
7.72 
7.91 
7.76 
7.75 
7.62 
Mal.Wt. 
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ride we1::e 
prepared by eac~ion of oxalyl chloride and the corresponding 
94 
carboxyl1.c acid. 2-phenyL pr pionyl chl ride was prepared from 
the aldehyde 95 which was converted 1 . 96 d l t e a·i an fina~ y 
to che cnloride by reaction with oxalyl chloride. 
see Chapter 2 section e for general physical measure-
men-cs and preparations of the iridium(I) complexes 1 and 3. 
A. Improved preparation of di-µ-chlorodicarbonyltetrakis-
38 ( c y c 1 o o c t e n e ) di i r i d i um ( I )-[ I r C 1 ( CO) ( C 8 H l 4 ) 2 ] 2" 
A solution of chloroiridic acid (2g) in water (5 ml) 
and ~-propanol (10 ml) was refluxed for 5 minutes. Cyclo-
octene (3 ml) was added and the solution refluxed for a 
further l hour. At this time water (20 ml) was added and 
the solution refluxed for a further 10 minutes. The 
esulting lemon-yellow oil was sepa ated from the solution 
by decantation and washed with cold methanol (2 x 15 ml). 
Lemon-yellow prisms of the product (1.14 g) resulted when 
diethyl ether was added to the oil. The product was 
separated by centrifuge and dried in a current of nitrogen. 
(Yield 
B. Interaction of acyl chlorides (RCOCl) with di-µ-chloro-
dicarbonyltetrakis(cyclooctene)diiridium (I) 
Preparations 
( 1. ) · Di - µ - ch 1 or o di ch 1 or o di ace t yld 1.c a r bony lb is ( c y c 1 o -
o c t e n e ) d i i r i d i um ( I I I )-[ I r C 1 2 ( CO . Me ) ( C 8 H 14 ) ] 2 
To a suspension of di- -chlorodicarbonyltetrakis-
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(cyclooctene)diiridium(I} (0 .3g) in benzene (10 ml) was 
added acetyl chloride (0 .5 ml). The mixture was then 
stirred until most of the solid dissolved (ca. 6 minutes). 
The solu~ion was then filtered and light petroleum ether 
(b.p. 100-120°) added. When most of the benzene was removed 
at 2s 0 c (15 mm), off-white prisms of the product resulted. 
These were filtered and washed with ~-pentane (2 x 10 ml). 
(ii) Di-µ~chlorodichlorodipropyltetracarbonyldiiridium-
(III) [IrC1 2 (~-propy1) (CO) 2 ] 2 
To a solution of di-µ-chlorodicarbonyltetrakis{cyclo-
octene)diiridium(I) (0.3g) in boiling benzene (10 ml) was 
added butanoyl chloride (0.5 ml). The hot solution was 
filtered, light petroleum ether (b.p. 100-120°) was added 
and most of the benzene removed at 25°c (15 mm). This 
precipitated the required product as off-white crystals. 
(iii)Di-µ-chlorodichlorodi(iso-propyl)tetracarbonyl -
di iridium (III) [IrC1 2 (~-propyl) (CO) 2 ] 2 
This was similarly prepared from 2-methyl propanoyl 
chloride (0. 5 ml) and di- µ-chlorodicarbonyltetrakis-
(cyclooctene) diiridium (I) (0.3g) in boiling benzene and 
isolated like the n-propyl complex above (ii). 
(iv) Di-µ-chlorodichlorodi(2-methylpropanoyl)dicar bonyl -
bis(cyclooctene)diiridium(III}-
[IrC1 2 (CO.~-propyl) (CO) (C 8 H14 )] 2 
This was prepa~ed in a similar manner to the acetyl 
complex described above (i). 
(v) Dichloro(2-methylpropanoyl)carbonylbis(triphenyl-
phosphine)iridium(III)-
IrC1 2 (CO. iso-propyl) (CO) (Ph 3P) 2 
Triphenylphosph ine (0.4g) was added to a solution of 
di-µ- hlorodichlorodi(iso-propyl) tetracarbonyldiiridium-
(III) (0.2g) in dichloromethane (5 ml). Upon add ition of 
diethyl ether and cooling the mixture to o0 c, white 
crystals of the product precipitated out of the solution. 
These were filtered, washed with diethyl ether (2 x 5 ml) 
and dried in a stream of nitrogen. 
(vi) Dichlorobutanoylcarbonylbis(tr iphenylphosphine)-
iridium(III) - IrC1 2 (CO.n -propyl) (CO) (Ph 3P) 2 
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This was prepared in a similar manner to the 2-me thyl-
propanoyl complex described above (v). 
(vii) Di-µ-chloro dichlorodibu tyltetracarbonyldiiridium-
(III) [IrC1 2 (£_-butyl) (CO) 2 ] 2 
This was similarly prepared from pentanoyl chloride 
(0.5 ml) and di-µ-chlorodicarbonyltetrakis(cyclooctene)-
diiridium(I) (0.3g) in boiling benzene (5 ml) a nd isolated 
like the n-propyl complex above (ii). 
(viii) Di-µ-chlorodichlorodi(2-butyl)tetracarbonyl-
diiridium (III} [IrC1 2 (2-butyl) (CO) 2 J 2 
This was prepared in a similar manner to the n-propyl 
complex described above (ii). 
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(ix) Di- -chlorodichlorodipenty ltetracarbony diiridium-
(III) [IrC1 2 (n-pentyl) (CO) 2 ] 2 
This was prepared in a similar manner to the ~-propyl 
complex described apove (ii). 
(x) Dichlorohexanovlcarbonylbis(triphenylphosphine)-
This was prepared in a similar manner to the 2-methyl-
propanoyl complex described above (v). 
(xi) Di-µ-chlorodichlorodi(B-phenethyl)tetracarbonyl-
diiridium(III) 
This was similarly prepared from 3-phenyl propionyl 
c loride (0.5 ml) and di- µ-chlorodicarbonyltetrakis (cyclo-
octene) diiridium(I) (0.3g) in boiling benzene (5 ml) and 
isolated like the n-propyl complex above (ii). Re crystal-
lization from dichloromethane/light petroleum ether (b.p. 
40-60°) gave beautiful off-white crystals. 
(xii) Di-µ-chlorodichlorodi(a-phenethyl)tetraoarbonyl-
diiridium(III) 
To a suspension of di-µ-chlorodicarbonyltetrakis(cyclo-
octene) diiridium (I) (O. 3g) in benzene (10 ml) was added 
2-phenyl propionyl chloride (0. 5 ml) and the mixture stirred 
for 3 hours. After which time the solution was filtered. 
The filtrate was 
p a l e y e l _l ow - o i 1 . 
0 then evaporated at 25 C ( 15 mm) giving a 
Light yellow solid resulted when pentane 
was added to the oil. Recrystallization of the solid from 
dichloromethane/petroleum ether (b.p. 40-60°) gave white 
crystals of the required prod ct. 
(xiii) Dichlorobutanoy carbonylbis(methyldiphe nyl-
phosphine)iridium(III) =-
IrC1 2 (CO.!!_-prop 1) (CO) (MePh 2 P) 2 
This was prepared from methyldiphenylphosphine and 
di-µ-chlorodichlorodipropyltetracarbonyldiiridium(III) in 
dichloromethane and isolated like the 2-methylpropanoyl 
complex described above (v). 
C. Interaction of acyl "chlorides with chlorotris(methyl-
diphenylphosphine)iridium(I) 
(i) Acetyl chloride-CH 3cocl 
To a solution of chlorotris(methyldiphenylphosphine)-
iridium(I) (O. 3g) in benzene (5 ml) was added acetyl 
chloride (0.5 ml). 
almost immediately. 
Tne dark red solution went colourless 
The solution was then stirred for 10 
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minutes. White solid precipitated upon addition of pentane 
(30 ml.). Recrystallization of the solid from dichloro-
methane/pentane gave white crystals (0.19g) of dichloro-
methylcarbonylbis(methyldiphenylphosphine)iridium(III) 
IrC1 2 (Me) (CO) (MePh 2P) 2 . These were filtered, washed with 
pentane (2 x 10 ml) and dried in a stream of nitrogen. 
(Yield : 73%). 
To a solution of chlorotris(methyldiphenylphosphine)-
iridium(I) (0.3g) in benzene (5 ml) was added propionyl 
chloride (0. 5 ml) and the mixture stirred at 60°c for 4 hours. 
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Pent ne was th en added slowly to the cooled solution preci-
pitating the product as white crystals. Recrystallization 
of the product from dichloromethane/petroleum ether 
(b.p. 40-60°) gave white crystals (0.18g) of dichloroethy l-
carbonylbis(methyldiphenylphosphine)iridium(III) --
IrC1
2 
(Et) (CO) (MePh 2 P) 2 These were filtered, washed with 
pentane (2 x 10 ml) and dried in a stream of nitrogen. 
(Yield = 70%). 
D. Interaction of acyl chlorides with chlorotris(triphenyl-
phosphine)iridium(I ) 
Preparations 
(i) Dichloromethylcarbonylbis(triphenylphosphine)-
iridium(III) - IrC1
2 
(Me) (CO) (Ph
3
P) 
2 
To a solution of chlorotris(triphenylphos phine)iridium-
(I) (0.45g) in benzene (5 ml) was added acetyl chloride 
(0.5 ml) and the mixture refluxed for 15 minutes. Diethyl 
ether (15 ml) was added to the solution which was then 
0 
cooled to O C. White crystals (0.28g) of dichloromethyl-
carbonylbis(triphenylphosphine)iridium(III) resulted. 
were filtered, washed with diethyl ether and dried in a 
stream of nitrogen. (Yield = 76%). 
(ii) Dichloroethylcarbonylbis(triphenylphosphine)-
iridium(III) - IrC1
2 
(Et) (CO} (Ph
3
P) 
2 
These 
To a solution of chlorotris(triphenylphosphine)iridium-
(I) (0. Sg) in benzene (5 ml) was added propionyl chloride 
(0.5 ml) and the mixture refluxed for 45 minutes. Hexane 
(10 ml) was added to the solution which was then cooled to 
-l0°c. This pre ipitated the product as white crystals. 
Recrystallization of the product from dichloromethane/ 
diethyl ether gave white crystals (0.29g) of dichloro-
e~hylcarbonylbis(triphenylphosphine)iridium(III). These 
we re f i 1 t e re d , wash e d w i th di e thy 1 e th e r ( 2 x 10 m 1 ) an d 
dried in a stream of nitro gen. (Yield= 77.5%). 
(iii) Dichloropropylcarbonylbis(triphenylphosphine)-
iridium(III) - IrC1 2 (~-propyJ.)(CO)(Ph 3 P 2 )_2 
This was prepared in a similar manner to the ethyl 
complex described above (D-ii). Recrystallization from 
dichloromethane/hex ane gave white crystals (0.31g) of the 
required product. (Yield = 81%). 
(iv) Dichlorobutylcarbonylbis(triphenylphosphine)-
iridium(III) - IrC1 2 (~-butyl)(CO) (Ph 3P) 2 
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White crystals of the required product were obtained in 
a similar manner described for the ethyl complex above 
(D-ii). {0.25g; 64% yield). 
(v) Dichloropentylcarbonylbis(triphenylphosphine)-
iridium(III) - IrC1 2 (n-pentyl) (CO} (Ph 3P) 2 
This was similarly prepared from hexanoyl chloride 
(0 .5 ml) and chlorotris (triphenylphosphine) iridium(I) (0 .45g) 
in refluxing benzene for 30 minutes and isolated like the 
ethyl complex (D-ii). 
the required product. 
It formed white crystals (0. 31g) of 
(Yield = 79%). 
(vi J Dich lorc._eh~nyl,...arbony_lbis ( t iphenylphosphine ).:._ 
ir1.d1um(III) - IrC1 2 (Ph) (CO) (Ph 3P) 2 
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To a solution of chlorotris(triphenylphosphine)iriditm-
( I ) 0.45g) in benzene (5 ml) was added benz y chloride 
(0.5 ml) and the mixture refluxed for 50 minutes. White 
crystals {0.32g) of the required product were obtained when 
the solution was slowly cooled to room temperature. These 
were filtered, washed with benzene (2 x 5 ml) and pentane 
(2 x 10 ml) and dried in a stream of nitrogen. (yield = 81%). 
vii) Dichloroheptylcarbonylbis(triphenylphosphine)-
iridium(III) - IrC1 2 (~-heptyl) (CO) (Ph 3P) 2 
This was prepared in a similar manner to the ethyl 
complex described above (D-ii). Recrystallization from 
benzene/pentane gave white crystals (0.27g) of the required 
product.. (Yield= 67.5%). 
(viii) Dichloro(S-phenethyl)carbonylbis(triphenyl-
phosphine)iridium(III) 
IrC1 2 (CH 2 CH Ph) (CO) (Ph P) 2 3 2 
This was similarly prepared from 3-phenyl propionyl 
chloride (0.5 ml) and chlorotris(triphenylphosphine)iridium-
(I) (0. 45g) in refluxing benzene (5 ml) for 15 minutes. The 
product was isolated like the ethyl complex (D-ii) giving 
white crystals (0.3g) of the required product. (Yield = 79%). 
(ix) Reaction of 2-phenyl propionyl chloride with 
chlorotris(triphenylphosphine)iridium(I) 
To a solution of chlorotris(triphenylphosphine)iridium-
(I) (0.8g) in benzene {10 ml) was added 2-phenyl propionyl 
8 
chlor de (1 m1, and the mix ur r fl ed for 20 m1nu~es. 
The cooled solution was then evaporated at L5°c (15 mm) 
giving a yellow 011. Diethyl ether when added to this oil 
precipitaced a yellow solid (0.2g, which was f1lterea and 
washed with diethyl ether. The solid when recrystallized 
from chloroform/diethyl ether gave lemon-yellow crystals 
(0.16g) of chlorocarbonylbis(triphenylphosphine)iridium (I). 
0 The diethyl ether filtrate was then evaporated at 25 C 
(15 mm) giving a light yellow oil. This oil was redissolved 
in dichloromethane. Slow addition of light petroleum ether 
(b.p. 40-60°) gave white crystals (0.29g) of dichlorolS-
phenethyl)carbonylb1.s (triphenylphosphine)ir1.dium(III), 
These wee filtered, washed 
w1. h pentane (2 x 10 ml) and dried in a stream of nitrogen. 
The remaining filtrate give white crystals (0.2g) of 
dichlorohydridotris (triphenylphosphine) iridium(III), IrHC1 2 -
Ph3P) 3 when dichloromethane was slowly evaporated off. 
(Yield = IrCl (CO) (Ph
3
P) 
2 
I r C l ( CH 2 CH 2 Ph ) ( CO ) ( Ph 3 P ) 2 
IrHC1 2 (Ph 3P) 3 
32% 
40% 
24% 
x) When 2-methylpropanoyl chloride (0.5 ml) was 
reacted with chlorotris(tiphenylphosphine)iridium(I) (0.45g) 
in a similar manner described for the propionyl chloride 
reaction (D-ii), white crystals (0. 2g) of dichloropropyl-
carbonylb1.s (triphenylphosphine) iridium (III) were obtained. 
(Yield - 55%). 
(xiJ Similarly the reactions of 2-ethyl butanoyl 
chloride 0.5 ml) and 2-methyl butanoyl chloride (0.5ml) with 
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ch o otris(t'Y'J. r.en lphosphJ.ne)iri J.um(I) (0. S ) gave 
dichlorope ntylcarbonylbis(triphenylphosphine)iridium(III) 
and dichlorobu tylc arbonylbis (tri pheny lphosphine}iridium(III) 
as products respectJ.vely. 
White crystals of di ch lorohydrido tris(triphenylphosphine)-
iridium(III) were also obtained from the reactions. 
Yield= With 2-ethyl butanoy l chloride 0.12g 
product, 30.5 % 
With 2-methyl butanoyl chloride 0.16g 
product, 41% 
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C APTER 5 
H DROGEN ABSTRACTION REACTIONS 
a. Int oduction 
Interactions between metal ions and carbon-hydrogen bonds 
of coordinated ligands are well established phenomena, 
especia ly in complexes containing ligands such as aryl 
phosphines and phosphites. 84 In these reactions, an aryl 
C-H bond in the phosphine or phosphite ligands of the 
transition metal complex reacts with the central metal atom 
to form a metal-carbon bond. 
Bennett and Milner 36 have shown that the complexes 
IrCl(Ph 3M) 3 (M=P, As or Sb) isomerize on heating in benzene 
to give iridium(III)-hydride complexes, IrHCl[ (£-C 6 H4 )Ph 2M]-
Although the overall reaction is simply an isomer-
ization, 84 it was suggested that these reactions may also 
be termed as oxidative addition reactions. The four-coordinate 
d 8 i r i di um ( I ) c om p 1 e x e s I r C 1 ( Ph 3 M) 3 ( M = P , A s o r Sb ) a re 
converted to six-coordinate, d 6 iridium(III) complexes by 
addition of an ortho C-H bond of a phenyl ring to the 
metal. 
More commonly the initial and final oxidation states 
of the metal are the same since substitution is accompanied 
by elimination, e.g.: 
5-185 
I::. 
Rh (CH 3 ) (Ph 3 P ) 3 . Rh [ ( o - C 6 H 4 ) Ph 2 P) ] (Ph 3 P ) 2 + CH 4 
I::. 
Ru H C 1 [ ( Ph O ) 3 P ] 4 ' Ru C 1 [ ( £ - C 6 H 4 0 ) ( Ph 0) 2 P ] [ ( Ph O ) 3 P ] 2 + H 2 
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In the latter example, invo vement of the ortho-position was 
d b d . d. 86 prove y euteration stu ies. 
The conversion of o-tolylphosphine complexes of 
platinum(II), trans-PtC1
2 
[Ph (~-c 6 H 4 Me) 2 Pj 2 into metal-carbon 
bonded complexes by intramolecular attack at the a-methyl 
group in preference to the aromatic CH group of the coordina-
89 
ted £-tolylphosphine has recently been reported. Robinson 
90 
et al have recently shown that the metal-ortho-carbon 
bonded complexes, 
X 
y 
X = Cl, Br, I; Y = H, o-Me, m-Me, £-Me 
may be prepared by heating the corresponding platinum 
The difference in behaviour between the ortho-tolyl-
phosphine and phosphite complexes in these reactions was 
t l . dg O . ra iona ize in terms 
resultant chelate ring. 
of the steric requirements of the 
Both reactions give rise to products 
with sterically favoured five-membered chelate rings in 
preference to the less sterically favourable four- and six-
membered chelate rings. 
Although there are many examples of internal transition 
metal-carbon bond formation involving phosphorus donor 
ligands, little is known about the factors which promote such 
84 
metal-carbon bond formation. Bulky substituents on tertiary 
phosphines and the formation of sterically favoured five-
membered chelate ring have been shown to promote internal 
. 89 90 
metal-carbon bond formation. ' 
A series of complexes containing both tertiary phosphines 
and triphenylphosphite has been prepared; the behaviour of 
these complexes towards internal metal-carbon bond formation 
is of interest because either four- or five-membered chelate 
rings can be formed depending on whether hydrogen is abstract-
ed from the phosphite or the phosphines. 
The isomerization of the complex IrCl(MePh 2 P) 3 (3) 
has been studied for purpose of comparison with the analogous 
triphenylphosphine complex. 
These results together with the attempted preparations 
of the complex IrCl[(Pho) 3P] 3 are discussed in the subsequent 
section. 
b. Results and Discussion 
A general method for preparing planar iridium(I) complexes 
of the type IrC1L 3 (L = tertiary phosphine or arsine) is to 
displace cyclooctene from the complex [IrCl(C 8 H14 ) 2 ] 2 with 
an excess of the ligand L. 36 Attempts to prepare the tri-
phenylphosphite complex IrCl[(Pho) 3P] 3 by this method give a 
colourless crystalline solid in almost quantitative yield, 
which is formulated as IrHCl [ (o-c 6 H4 o) (Pho) 2P] [ (PhO) 3P] 2 
(45a) on the basis of analytical and spectroscopic data. The 
same comp~ex is obtained by treating complex! with three 
equivalents of triphenylphosphite, and has also been reported 
briefly and independently of this work as a product of the 
reactio of t_iphenylphosphite ~ i h the cy oocta-1,5-
diene comp exes [IrHC1 2 (1,5~C 8 H12 )] 2 and [IrCl(l,S-c 8 H12 ) 2 
87 
or w1th I Cl (CO) [PhO) 
3
P 
2
• 
CompJ.ex 1~a is monomeric in chloroform, d its 
infrared spectrum shows a band at 2080cm-l assignable t 
V ( Ir-H) . In addition to complex aromatic absorption in the 
85 
region 2.6-3.4T, proton n.m.r. spectrum shows a widely spaced 
pair of l:2:1 triplets centred at 19.75T. The infrared 
frequency, the chemical shift and the large splitting (J -P-H -
277.SHz) are all characteristic of hydrogen trans to a 
phosphorus donor in an octahedral hydrido-iridium(III) 
complex (see Chapter 1) ; although J is larger than the P-H 
values generally observed when tertiary phosphines are 
present. 
The 1:2:1 triplet pattern presumably arises from further 
coupling with two equivalent, strongly coupled, mutually 
trans phosphorus atoms (JP = 18Hz), which are both cis to 
-H 
the hydrogen atom. 
The infrared spectrum of complex ~~a also shows strong 
bands at 1105, 1038 and 800 cm-l which are absent from the 
spectra of triphenylphosphite and the rhodium(I) complex, 
Rh Cl ( (PhO) 3P] 3 . 
-1 Absorptions at 1100 and 800 cm have been 
observed in the infrared spectrum of the chelate o- phenyl 
complex RuHCl [ (o-C6H40) (PhO) 2P] [ (PhO) 3P] 3 (eqn 5-2) which J.S 
formed by the reversible loss of hydrogen from the complex 
86 RuHCl [ (PhO) 3P] 4 . 
It is t erefo e reasonable to assume that complex 
45a o the basis of its infrared and n.m.r. da a possesses 
the fol owing stereoc' emistry: 
Cl 
45a 
87 An earlier report showed that when complex ~~a is 
86 
heated in decalin, hydrogen is expelled and a second metal-
carbon a-bond is formed. The X-ray crystal structure of 
88 
this product has been performed and it confirms the 
presence of meta-ortho-carbon bonds originating from the 
interaction of the metal with ortho-carbon atoms of two 
different phosphite ligands. 
When the complex [IrC1(1,5-c 8H12 )J 2 is reacted with 
triphenylphosphite in equimolar proportions for one hour and 
the resulting solution reacted with 2.5 equivalents of a 
number of ligands L, white crystals of complex 
IrHCl [ (~-C6H40) (Ph0).2P] L2 (~~) [L = (b) Ph3P, (c) MePh2P, 
(d)Me
2
PhP, (e)Ph 3As] are obtained. 
The infrared spectrum of complex~~ shows a band in the 
-1 
region 2050-2120cm (table 5-1) which is assigned to t h e 
iridium-hydrogen stretching mode. In addition to this band, 
-1 
sharp bands are observed in the region of 1030-1050cm and 
-1 
at 800cm . for complex 45 in the infrared spectrum. These 
bands are typical of the metal-ortho-carbon group (Ph~ 2 
(£-C
6
H
4
o)P derived from the triphenylp hosphite ligand. 
1he high field n.m.r. spectr 1 m of complexes 15b and 
45d shows two 1:2:1 triplets at about 211 and separated by 
approximately 157Hz. This value of J clearly indicates P-H 
87 
that hydrogen is trans to one of the tertiary phosphine 
ligands (see Chapcer 1) and it must be contrasted with the 
larger value (277.SHz) obtained when hydrogen is trans to a 
triphenylphosphite ligand (see above). The 1:2:1 triplet 
pattern presumably arises from further coupling ( J = P-H 
lBHz) with two magnetically equivalent phosphorus atoms which 
are both cis to the hydrogen atom. 
However, for complex 4~c the high field n.m.r. spectrum 
shows two widely spaced pairs of doublets centred at 20. 74-r: 
t~---~--------~.157.SHz ------------~-~ 
( ,
1 
l-4 lBHz 
, ' :, 
I f \ f \ I \\ 
I f \ \ I 15Hz 
~ 
I,," 
i 
20.74T 
The large JP-H (157 .SHz) suggests tha the hydrogen atom 
is trans to one of the methyldiphenylphosphine ligands. The 
two pairs of doublets arise from further coupling with two 
inequivalent phosphorus atoms (J = 15Hz and 18Hz) which P-H 
are both cis to the hydrogen atom. On che basis of the high 
field n.m.r. spectrum of complex 1~c it is reasonable to 
assume that the group V donor atoms of the complex possess a 
fac-co figuration (see figure 5-1). 
The high field n.m.r. spectrum of complex ~~e is very 
simple; a single doublet (JP-H = 18Hz) centred at 23.31 is 
88 
observ d. The small splitting suggest s tha the hydro en 
atom i definitely not rans to the phosphorus nucleus but 
cis to it. By comparison with its analogues, complex ~~e 
should possess a stereochemistry in which the hyd ogen at m 
is tran o a triphenylarsine ligand. 
The 0-lOT n.m.r. spectrum of complex 1?c confirms the 
fac-stereochemistry (figu~e 5-1) suggested on the basis of 
its high field n.m.r. spectrum (above). Two doublets are 
obse~ved for the methyl protons attached to the phosphorus 
nuclei. This is in accord with a cis-configuration for the 
phosphine ligands. The low field n.m.r. spectrum of 
dimethylphenylphosphine complex ~~d shows three doublets of 
relative intensities 6, 6 and 12 for the methyl protons of 
the dimethylphosphine ligands, which is consistent with the 
stereochemistry show n for complex 1~ (figure 5-1). The four 
methyl groups of the two dimethylphenylphosphin e ligands are 
inequivalent since the complex has no plane of symmetry but 
the chemical shifts of two of them are probably coincident. 
On the basis of the high field n.m.r. spectrum of complex 
45d, one of the phosphine ligands is assumed to be trans to 
hydrogen atom. The other phosphine ligand is unlikely to be 
trans to the phosp~ite ligand, since such a configuration 
would give a more complex spectrum for the methyl protons; 
this arrangement would result in a possib e ABx 3x 3 
1 spin 
system with J B probably very large. Therefore it is A-
reas nable to suggest that complex 45d and 45c possess similar 
stereochemistries (figure 5-1). 
When the hydride-complexes 1?b, 45c and 45d are heated 
in toluene/heptane white crystalline products (46) are obtained, 
89 
the - yses of 1h1 hare very ~1 ilar to those of complexe 
4~b, 45c and 45d. The 'nfrared spectra of complexes 1~ 
show no ba~d due to v(Ir-H) in -1 the region 2000-2200cm but 
a e ther ise simi ar to tho e of complex 45 (b ,c, ) 1.n he 
-1 
region 2000-600cm . 
The low field n.m.r. spectrum of the methyldiphenyl-
phosphine complex 46c shows a doublet relative intensity 6) 
for the methyl protons of the methyldiphenylphosphine 
ligands, and for complex ~~d the methyl protons of the 
dimethylphenylphosphine ligands give rise to two doublets. 
These data suggest that he two phosphine ligands in 
complexes ~~c and 1~d are in equivale~t positions around the 
iridium atom, consistent with the proposed stereo hemistry 
as shown in figure 5-1 for complex 46. 
On the basis o f infrared and n.m.r. data the following 
stereochemical course for the reactions di cussed above 
may be proposed: 
5-3 47 
2L 
46 45 isomerizes 
48 
L = Ph 3P, 
L = b. Ph3P 
C. MePh2P 
I r 
d. Me2PhP 
e. Ph3As 
Cl 
45 
Cl 
~ [b,c,d] 
' I Figure 5-1. Proposed stereochemistries for complexes 45 and 46 . 
"' "' 
90 
The pr duct 7 results from t~e cleGv ge of the chlorine 
bridge i 
ligand. 
the complex [IrCl(l,S-c 8 H12 ) ] 2 by the phosphite 
Similar complexes of type MCl[1,s-c 8 H12 )L {M=Ir,Rh, 
L = ertiary phosphine) 39,92 have been reported. The nex~ 
step is th displ cement of he diene by the ligand L to 
yi ld 48 as a supposed intermediate, which readily isomerizes 
to form the more stable iridium(III) complex~~- Finally 1~ 
is formed probably with hydrogen expulsion when product 45 
is heated in an inert solvent. 
Attempts to reconvert~§ to 1~ by addition of hydrogen 
at one atmosphere to complex ~Q failed. Apparently under 
these conditions the reaction 45 to 46 is irreversible. 
c. Isomerization of the iridium(I) complex, IrCl(MePh 2P) 3 (~) 
On heating complex~ (see chapter 2, section e) in 
benzene for several hours, it is converted i to a pale cream 
omplex (49) of the same empirical formula . The reaction 
also yields a white solid (5%) identified tentatively as the 
iridium(III) complex IrHC1 2 (MePh 2P) 3 from its infra ed 
-1 
spectrum [v(Ir-H) = 2250cm ] . 
-1 
The infrared spectrum of 49 shows a band at 2200cm 
which is assigned to v(Ir-H), with the hydrogen atom possibly 
trans to the chlorine atom. The high field n.m. spectrum 
confirms the presence of an iridium-hydrogen bond; a 1:3:3:l 
quarte , JP-H = 15Hz, is observed at 28.11. The high ~-
value and the small splittings suggest that the hydrogen atom 
is trans to the chlorine atom but cis to three phosphorus 
nuclei to which it is equally coupled. 
91 
Figure 5-'./ _ho s _ne n ·h esor.an:::::es o ope;>~ 4~, 
the phosphorus decoupled spec rum between 7-lOr and the 
propos .d stere cn-mistry The phosphorus decoupled spectrum 
show hree singlets of qual intensity. Thi.:, lea.rly 
elinn ate the possibility that the hydrogen a~om is 
abs~racted from a methyl go p. Phospho s decoupling 
exp riment on ~he methy reso ances indicate that there a e 
three inequivalent ph sphorus nuclei, A, B and C, (figure 
5-2) around the iridium ato m. A large phosphorus-phosphorus 
coupling constant is observed between two of the phosphorus 
n uclei , say A and B; thus, JA-B = 374Hz Couplings between 
phosphorus nuclei A an d C, and between Band Ca e not 
observed. This large coupling constant suggests that 
phosphorus nuclei A and B although inequivalent aie probably 
91 
mutually ~rans, and also cis to phosphorus nucleus C. 
The inequivalence of P A and PB is probably due to the fact 
that a metal-ortho bond exists between one of the phenyl 
rings of PB and the metal. 
The decoupling experiments also show 8v = 2994Hz AB 
(the diffeLence in chemical shifts of nuclei PA and PB). 
The methyl p otons attached to phosphorus nuclei PA 
and PB belong to ABX 3 (or ABY 3 ) spin systems (J =O) ( [A=P I X-Y A 
B=P, X-H on p , Y=H on p]. B A B However, since 
JA-B 1 
= -, 
8 
such 
systems may be approximated to AMX 3 (AMY 3 ) systems (M=PB). 
The X or Y pro ans of such systems generally appear as two 
doublets. The methyl protons (Z) attached to PC belong to 
an AX 3 spin system, the X portion of which appears Qs a 
doublet. 
b. 
a. 
I 
7.5 I 8.5 
figure 5 -2 . a . The methyl resonances of the product obtained from the isomer ization of the complex 
decoupled spectrum . 
T 
l • , t • • - • . J. • - • • .._. •. , .• .. I t -' 
The methyl protor.s zJ attached t0 the phosphors 
necl us PC gi·re .:ise to a doublet {JP-H = 8.5Hz) at 8.46r; 
these protons do not exper~ence coupling with phosphorus 
The two doublets cen~red at 7.5 a 
tentatively assigned to the methyl protons Y atta hed to 
phosphorus nucleus PB, and the two doublets centred at 
8.54t to the methyl protons (X) attached to phosphorus 
nucleus PA. The apparent coupling constants are JPC-Z = 
8.SHz, J = 9.SHz, J = 3Hz, J = ll.5Hz and PB-Y PA-Y PA-x 
JPB-X = 3.SHz. 
d. Summary of results and discussion 
89 Shaw et al have shown that bulky subs~ituents on a 
92 
tertiary phosphine ligand promote internal metal-carbon bond 
formation in some platinum(II) complexes. 89 It was suggested 
that steric factors may lower the activation energy of the 
metal-carbon bond forming reaction by fo ing the metal and 
the carbon-hydrogen bond on the ligand closer together. It 
has also been s hown 89190 that the formation of a five-
membered chelate ring is more favored than a strained four-
or six-membered ring. 
The results from this work lend support to these 
observations. The isomerization of complex~ ( 0 hours) is 
much slower than that of the triphenylphosphine analogue 
(1 hour); this would be expected assuming steric fo.ctors are 
impo tan 1n the rate of isomerization since triphenylphosphin~ 
is bulkier than methyld1phenylphosphi e. On the other hand 
attempts to prepare omplex IrCl[ PhO) 3P 3 give the iridium-
(III) chela e a-phenyl complex (45a). lea ly shows 
93 
that hydrogen migration and metal-ortho-carbon bond formation 
occur more readily in triphenylphosphite complexes than in 
triphenylphosphine complexes, owing to the stability of 
the chelate five-membered ring compared with that of the 
strained four-membered ring; triphenylphosphine ligands are 
considered to cause more steric hindrance about the metal 
atom compared with the triphenylphosphite ligands when these 
1 , d . . f' · 9 igan s are in a cis-con iguration. 
N.m.r. data for the isomerization product of the 
complex 3 confirms that hydrogen migration occurs from a 
phenyl ring of a triphenylphosphine ligand. This is not 
surprising since the alternative path for this reaction, 
involving attack at a CH 3 group, would give rise to less 
sterically favourable three-membered ring. However Chatt 
and Davidson 93 have prepared the complex RuH(CH 2 .PMe.CH 2cH 2 -
metal-carbon bond which originated from attack of the metal 
at a CH 3 group of (PP). 
Attempts to prepare the iridium(I) complex of the type 
IrCl[ (Pho) 3P]L 2 (1§) give rise to formation of metal-ortho-
carbon bonded complexes~~; on heating in an inert solvent, 
hydrogen is lost and a second metal-ortho-carbon bond is 
formed to a second phenyl ring of the triphenylphosphite. 
These reactions clearly illustrate the importance of stereo-
chemical factors in promoting and directing intramolecular 
metal-carbon bond formation since the sterically favourable 
five-membered ring is formed in both reactions. 
Table 5-1 
N.m.r. and infrared data for the complexes IrHCl [ (o-c 6 H4o) (PhO) P]L - 2 2 
Complex when V(Ir-H)a 
cm-1 
T(Ir-H)b,c e Jt J e C 
C 
T (P-CH 3 ) 
L= T 
(PhO) 3P 2080 19. 75 (2t) 
Ph 3P 2127 21. 25 (2t) 
Ph 3 As 2150 23.3(d) 
MePh 2 P 2115 20.74(4d) 
Me 2PhP 2050 20.58(2t) 
a ••• all spectra were measured in the solid 
b ... all spectra were measured in CDC1 3 . 
C • • • 2t represents two triplets centred at 
d represents doublet. 
4d see results and discussion. 
e ••• J 
t 
= J when Pis trans to H. P-H 
J = 
C 
J H when Pis cis to H. P-
Hz 
2 7.7 . 5 
158 
157.5 
156 
18 
16. 5 
18 
18.0 
15.0 
18 
state as nujol mulls. 
the T-value listed. 
T 
7.84(d;3) 
8.12(d;3) 
8.3(d;6) 
8.64(d;6) 
8.38(d;l2) 
JP-H 
Hz 
8 
8 
10 
10 
10 
9 4 
e. Experimental 
See Chapter 2, section e for general physical measure-
ments and preparation of the complexes IrCl(MePh 2 P) 3 , 
Hydrogen Abstraction Reactions 
A . P r e p a r a ti on o f I1 r H C 1 [ ( o - C 6 H 4 ) ( Me Ph ) J ] ( Me P h 2 P) 2 
The complex chlorotris(methyldiphenylphosphine)iridium-
(I) (0. 5g) was refluxed in deoxygenated benzene (10 ml) 
under nitrogen for 10 hours. The dark red solution had 
become orange at the end of this period. The solution was 
then cooled and filtered from white solid identified tenta-
tively as the complex IrHC1 2 (MePh 2 P) 3 from its infrared 
spectrum [v(Ir-H) -1 = 2250cm ; 5% yield]. The benzene 
0 filtrate was evaporated at 25 (15mm) yielding a reddish-
brown oil. A pale cream solid was obtained when light 
petroleum ether ( b. p. 0 60-80 ; 30 ml) was added to the oil. 
Recrystallization from tetrahydrofuran/heptane gave pale 
cream crystals (0. 3g) of the product). (64% yield). 
[Found: C, 56.5; H, 4.7; Cl, 4.3. Calcd. for 
B. Preparation of IrHCl [ (~-C6H40) (Ph0)2P] [ (PhO) 3P] 2 
To the complex [IrCl(C 8 H14 ) 2 J 2 (0.2g) suspended in 
sodium-dried benzene (5 ml) was added dropwise triphenyl-
phosphite· (0. 46g). The yellow suspension dissolved almost 
immediately to give a colourless solution. Solvent was 
0 
removed at 25 (15 mm) and the residual oil dissolved in 
95 
sodium-dried ether (5 ml). The solution deposited white 
crystals after several hours at o 0 • Two recrystallizations 
from diethyl ether gave 0.4g (77%) of white crystals of the 
product. M.P. 146-147°. 
[Found: C, 56.0; H, 3.8; Cl, 2.8; P, 7.9; mol.wt. (CHC1 3 ) 
1149. Ca 1 c d. for C 5 4 H 4 5 C 1 I ro 9 P 3 : C , 5 6 . 0; H, 3 . 9; C 1 , 3 . 1; 
P, 8.0; mol.wt. 1158.] 
C. Preparation of RhCl [ (PhO) 3P] 3 
This was carried out as above (B), using the complex 
[RhCl(C 8 H14 ) 2 ] 2 (lmol.propn.) and triphenylphosphite (6 mol. 
propn.). The oil, after recrystallization from methanol 
or ether g~ve yellow crystals of RhCl[(Pho) 3PJ 3 identical 
with those obtained by treating either [RhCl(C0) 2 J 2 or 
[ h 1 (l 5 ) ] . h . h l h h . 97 ' 98 RC , -c 8 H12 2 wit trip eny p osp ite. 
To a solution of [IrCl(l,5-c 8 H12 )J 2 (0.3g; 1 mol.propn.) 
in hexane (30 ml) and dichloromethane (10 ml) was added 
dropwise triphenylphosphite (0. 28g; l mol .propn.). The 
solution was refluxed for 1 hour. After this time dichloro-
0 
methane was evaporated off at 25 (15 mm.). To the remaining 
solution, ligand L (2.5 mol.propn.) was added and solution 
refluxed for 1/2-2 hours. White solid precipitated out 
during the final period of refluxing. The solid was filtered 
and crystallization from tetrahydrofuran/heptane gave white 
crystals of · the products. 
l I "' l '•. •_' l • "'·.• ':J'.".,:t.:. r ... ·• ... ~ ~~ .. C"!.J"• 
Analyses of the products: 
When L= %C 
c. 61.04 
f. 61.28 
c. 56.32 
f. 56.17 
c. 56.38 
f. 56.18 
c. 50.15 
f. 50.10 
%H 
4.26 
4.30 
4.40 
4.58 
3.94 
3.96 
4.58 
4.69 
%Cl 
3.24 
3.20 
3. 7 8 
3.70 
3.08 
3. 21 
4.35 
4.19 
Mol. Wt. 
938 
887 
814 
780 
In the above preparation, the intermediate IrC1(1,5-C
8
H 12 )-
[(PhO) 3 P] was isolated and identified by its n.m.r. spectrum. 
Before addition of the ligand L, the solution was evaporated 
at 25° (15 mm) yielding an orange solid which upon recrystal-
lization from dichloromethane/petroleum spirit (b.p. 40-60°) 
gave orange crystals of the complex IrCl (1,5-c
8
H
12
) [ (PhO) 
3
P]. 
N.m.r. in deuterochloroform Ph:2 .6-3T (area 15), 
olefinic protons 4.6-r(m,2) 
and 6 • 7 5 T ( m, 2) • 
E. Preparation of complexes 
Th e c om p 1 e x I 1r H C 1 [ ( o - C 6 H 4 0 ) ( P h O ) 2 P ] L 2 ( 0 • 5 g ) , 
(L = Ph 3P, MePh 2P, Me 2 PhP) was refluxed in toluene/heptane (1:1) 
I I ,, ' t •. ' l t .. I • '-'. •. • J"' '..,'I 
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under nitrogen for 10 hours. When the solution was cooled 
to o0 c white crystals of the products precipitated out. 
These were filtered and recrystallization from hot benzene/ 
heptane gave beautiful white crystals of the products. 
Analyses of the products: 
When L= %C 
c. 61.16 
f. 62.14 
c. 56.44 
f. 56.76 
c. 50.28 
f. 50.34 
%H 
4.09 
4.20 
4.19 
4.24 
4.34 
4.42 
%Cl 
3.34 
2.98 
3.79 
3.65 
4.36 
4. 2 7 
mo 1. wt. 
937 
892 
813 
775 
98 
CHAPTER 6 
FINAL DISCUSSION 
In Chapter 1 brief mention was made of the factors 
which influence oxidative addition reactions. The tendency 
8 ford complexes to undergo oxidative addition reactions 
depends markedly on the nature of the central metal ion and 
the ligands attached to it. This tendency increases upon 
descending a triad (Co,Rh,Ir) and is enhanced by ligands 
which increase electron density at the central metal. 
h 1 99,100 . d ht h 'th h' h Ny om has pointe out ta t e ease wi w ic 
M ( x) _ ___,.) M ( x + 2 ) ( i . e . d 8-~d 6 ) v a 1 ency ch an g e occurs depends 
on the energy required to promote an electron from and 
orbital to a (n+l)p orbital. For the vertical sequence 
Co , Rh, and Ir comparative data are difficult to obtain; 
however, for the somewhat similar promotion process 
(n)d 10 __ ~ 9 ( 1 2+ 2+ 2+ . )nd n+l)p for Zn , Cd , and Hg the promotion 
energies are in the 
2nd row>3rd 99 row. 
order, 2+ 2+ 2+ Zn >Cd >Hg i . e • 1st row> 
Therefore by comparison it should be 
easier to oxidize Ir(I) to Ir(III) than it is to oxidize 
Rh(I) to Rh(III). The promotion energy increases as the 
formal positive charge of the metal atom increases and thus, 
the nature of the attached ligands should affect the 
promotion energy. Ligands which reduce the formal positive 
charge on the metal atom (i.e. increase the electron density 
on the metal atom) have been shown to enhance the oxidation 
from M(x)---~M(x+2). Thus, triphenylphosphine should be 
a better ligand than carbon monoxide for promoting oxidative 
addition reactions; since carbon monoxide is a better 
99 
TI-bonding ligand than triphenylphosphine and should therefore 
decrease the electron density (or increase the formal 
positive charge) on the metal 101,102,103 atom. 
The energy of dissociation of the bond in the addend 
molecule (XY) (X-Y bond) and the energy of formation of X and 
Y to the metal must also be considered to be involved in the 
8 6 
oxidation of ad complex toad complex by addition of 
molecule XY. 
Therefore, the expected reactivity trends for complexes 
Rh C 1 (CO) (Ph 3 P ) 2 ( 5 0 ) to undergo oxidative addition reactions 
w o u 1 d be Ir C 1 (Ph 3 P ) 3 > Rh C 1 (Ph 3 P ) 3 > Rh C 1 (CO) (Ph 3 P ) 2 and 
Ir C 1 (Ph 3 P) 3 >Ir C 1 (CO) (Ph 3 P) 2 > Rh C 1 (CO) (Ph 3 P) 2 • 
The failure of complex ?Q to activate hydrogen is in 
contrast to the ability of the iridium analogue ( 11) to 
- -
give reversible hydrogen activation and a cis-dihydride 
iridium(III) product. Hydrogen adds to complex~~ reversibly 
yielding a five-coordinate di-hydride product whereas its 
addition to complex 1 is irreversible and the product 
obtained is a six-coordinate iridium(III) complex. The 
difference of reactivity in these reactions may be ascribed 
to ( i) the lower promotional energy for Ir (I) to Ir (III) 
system compared with the Rh systems and (ii) the somewhat 
increased strength of the Ir-H bonds compared to Rh-H. The 
greater reactivity of complex! to undergo addition reactions 
compared with its rhodium analogue 23 is borne out by the 
fact that·complex ! readily isomerizes in solution to give 
a hydrido-iridium(III)-o-bonded aryl complex, 36 the hydrogen 
atom being extracted from a triphenylphosphine ligand, whereas 
100 
complex 2~ does not isomerize similarly. Again this 
difference may be due to the lower promotional energies 
for Ir(I) ----~) Ir(III) and the stronger Ir-H bond. 
The reactions of silicon hydrides including triphenyl-
silane and complex 1 are very similar to those with complex 
~~; both systems give stable Rh(III) and Ir(III) five-
coordinate adducts . 
. h 1 ·1 16 trip eny si ane. 
In contrast, complex!! does not add 
Similarly, diphenylacetylene, phenyl-
acetylene and dimethyl acetylene dicarboxylate react readily 
with complex! yielding stable iridium(III) products whereas 
no isolatable adducts are obtained in their reactions with 
complex 11. 31 
Wilkinson et a1 66 have suggested that the factors which 
govern the stabilities of the acyl derivatives, MX 2 (co.R
1 )-
(PR32)L[M=Ir,Rh] towards dissociation of R1 cox depend on the 
1 2 
nature of X, R, R and L. Acetyl chloride adds to trans-
RhCl (CO) (Et 2 PhP) 2 to give the acyl complex, RhC1 2 (CO.Me) (CO) -
(Et 2 PhP) 2
104 
while the complex RhClI (Me) (CO) (Bu~P) 2 absorbs 
n 70 
carbon monoxide to give the compound RhClI (CO.Me) (CO) (Bu 3 P) 2 . 
However acetyl chloride does not add to trans-RhCl (CO) (Ph 3P) 2 , 
while addition of carbon monoxide to the complexes 
RhC1 2 (CO.R) (Ph 3 P) 2 [R=Me or Et] results in spontaneous loss 
of RCOCl. 66 66 It was therefore suggested that the greater 
TI-acidity of triphenylphosphine in the latter complex is 
stabilising the I oxidation state in the rhodium series, 
while the former complexes (containing Et 2 PhP and Bu~P) are 
stable, because of the lower TI-acidity and higher 
polarisability of the aliphatic phosphines. In contrast, 
the analogous iridium complexes, Irx 2 (CO.R) (CO) (Ph 3P) 2 can 
101 
104 be isolated. The addition of ac id chlorides to complex 
! give stable alkyl-iridium(III)-carbonyl complexes with 
the loss of 1 mole of triphenylphosphine . However the 
reaction of acyl chlorides and complex~~ give in most 
cases the acyl complexes RhC1 2 (CO.R) (Ph 3 P) 2 . Although 
these products are coordinatively unsaturated, only in the 
cases where R=Me or Ph, it is possible to isolate alkyl-
rhodium(III)-carbonyl complexes. This difference reflects 
the generally higher stabilities of alkyl complexes of 
h h . d . . 1 75 t et ir -row transition e ements. 
The results outlined in this thesis therefore support 
the observed trend that ligands which increase the electron 
density at the central metal enhance the tendency of a d 8 
complex to undergo oxidative addition, i.e. Ph
3
P>CO. 
observation is borne out by the fact that the complex 
IrCl(Ph 3 P) 3 is a better nucleophile than complex 
IrCl (CO) (Ph 3 P) 2 . 
This 
102 
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